BALLARD MINE FEASIBILITY STUDY REPORT

MEMORANDUM 1 SITE BACKGROUND AND SCREENING
OF TECHNOLOGIES

FINAL REVISION 2

Ballard Mine Site

MAY 2016

Prepared by:

MWH Americas, Inc.



TABLE OF CONTENTS

1 INTRODUCTION. ..ottt sttt ettt se e s e ssesbeseestesseaneeseaneas 1-1
L1 PUIPOSE ..ttt h et b e bbb bbb e nnne s 1-1
1.2 DOCUMENT OFGANIZALION .....veeiiiiieitieitieie sttt sttt sb e sre e sse et e eesneenes 1-2
1.3 Site Background SUMIMAIY........c.ooieiiiiiiieiieie ettt 1-3
1.4 Summary of Physical CharaCterisStiCS.........cccvuvviiieriiieiiere e 1-7

2 PRINCIPAL RI/BRA FINDINGS and COCS/ROCS/COECS........cccocurereieieniareareanns 2-1
2.1  Nature and Extent of Contamination SUMMAIY ..........cccooerieiirieenienrieseene e 2-1

2.1.1  Upland Soil and Waste ROCK .........ccccueiierieiieiieiie e 2-2
2.1.2  Upland and Riparian Vegetation............ccooiiiriieiieiieniee e 2-2
2.1.3  Riparian Soils and SEAIMENT.........cccoiiiiieiiie e e 2-3
2.1.4  SUITACE WALET.....ccuiiiiiiieieie ettt bbb 2-3
2.1.5  GIOUNAWALET ......eiiieiieiiie ettt sttt sb et e bt e e e b et e e nbesreenteenee e 2-4
2.2 Contaminant Fate and Transport SUMMAIY .........ccocceeuereeninieneeneeie e 2-5
2.3 Summary of Human Health, Ecological, and Livestock Risks Drivers by Medium ....2-6
2.3.1  HUuman Health RISKS .......ccoiiiiiiiiiisicee e 2-6
2.3.2  ECOIOQICAI RISKS.....cctiiiiiiiiiiiie sttt 2-9
2.3.3  LIVESTIOCK RISKS .....eiuiiiiiieieiie ittt 2-10
2.3.4  BRA Preliminary COC/ROCS/COECS/LCOCS........cccceiverriieiieriesieseeniesee e 2-11
2.4 Summary of Benchmarks for WATER ........c.ooiiiiiieee e 2-11
2.4 1 SUMTACE WALET .....ccuiiiiiiiieeeieee et bbbttt 2-12
2.4.2  GIOUNCAWALET .....viitiiiieiieieite sttt bbbttt bbbt enes 2-13
2.5 COCS/ROCS/COECs by Medium fOr FS ..o 2-13

3 REMEDIAL ACTION OBJECTIVES, ARARs, GENERAL RESPONSE ACTIONS,

AND PRELIMINARY CLEANUP LEVELS.......cco ittt 3-1
3.1l INTRODUCTION. ...citiititit sttt sa e e e saestesbesreareaneans 3-1
3.2 REVIEW OF THE ARARS BASED ON RI FINDINGS .......ccccooiiiieinenenc e 3-1

3.2.1  CERCLA Provision Requiring Remedial Actions to Meet ARARS.........cccccceu..... 3-1
3.2.2  Evaluation of Site-SpecCific ARARS.........coi it 3-1
3.3 REMEDIAL ACTION OBJECTIVES ......coooi it 3-2
3.4 GENERAL RESPONSE ACTIONS......c.ooitiiiteieieie e 3-3
3.5 PRELIMINARY CLEANUP LEVELS BY MEDIUM........ccccooiimiiiiiinenece e, 3-3

4 IDENTIFICATION AND INITIAL SCREENING OF REMEDIAL

TECHNOLOGIES ... .ottt sttt ettt st e nbesneereeneenes 4-1

Ballard Mine Feasibility Memo #1 Page i

May 2016



4.1 REMEDIATION OF SITE VEGETATION ....cciiiiiiiiii e 4-1

4.1.1  Basis for REMEdIAtION......c.ciiiiiiieiiiiesiieee e e 4-1
Y £ T T=l v LA o I 1Y 01T USSR 4-2
4.1.3  Considerations for Evaluating Remedial Alternatives for Vegetation .................. 4-2
4.2 REMEDIATION OF SITE UPLAND SOILS/WASTE ROCK .....ccooviiiirieiiriesiiien, 4-4
4.2.1  Basis Tor REMEdIAION......c.ciiiiiiiiiiiieiee e e 4-4
4.2.2  Volumes and Areas of Impacted Soils/Waste ROCK ..........c.cccoeviiiiiinnicniniienine 4-5
4.2.3  General Response Actions Applicable to Upland Soils/Waste Rock .................... 4-6
4.2.4  Potentially Applicable Upland Soil/Waste Rock Technologies .........c.c.ccccevvennnne 4-6
4.3 REMEDIATION OF SITE SURFACE WATER .....ccecovitiiiieieieene s 4-10
4.3.1  Basis for REMEdIAtION......cccoiiiiiiiiiiieseeie e e 4-10
4.3.2  Volumes and Areas of Impacted Surface Water............cccceeveverivenesieseesie e 4-11
4.3.3  General Response Actions Applicable to Surface Water ...........ccccevveveivinnnn. 4-12
4.3.4  Potentially Applicable Surface Water Technologies.........ccccoccevvvereiveiivernsnene 4-13
44 REMEDIATION OF SITE SEDIMENT AND RIPARIAN SOIL.......cccccovvniiininnne. 4-16
4.4.1  Basis for REMEIALION........cccueiiiiiiie e 4-17
4.4.2  Volumes and Areas of Impacted Sediment and Riparian Soil...........c...ccccveuenee. 4-18
4.4.3  General Response Actions Applicable to Sediment/Riparian Soil...................... 4-19
4.4.4  Potentially Applicable Sediment/Riparian Soil Technologies...........ccccccoevrnennee. 4-20
45 REMEDIATION OF SITE GROUNDWATER ......cocoiiitiicieeeeee s 4-21
451  Basis for REMEdIAtION......ccoiiiiiiiiiiieiieie e e 4-21
45.2  Impacted HYdrogeology.......ccoueiiieiieiiiieiieie e e 4-22
45.3  General Response Actions Applicable to Groundwater ............cccoocvveviencinnne. 4-23
45.4  Potentially Applicable Groundwater Technologies.........cccccvevevieveiiieiceerie e 4-24

5 FINAL SCREENING OF REMEDIAL TECHNOLOGIES.........cccoceviiiiiienieiene 5-1
5.1 MEDIA-SPECIFIC TECHNOLOGY SCREENING.........cccoviviinieieene e 5-2
5.1.1  Upland SoilS/WaSte ROCK .........cccueiueiiiiieiieiie et ae e 5-3
5.1.2  SUIMACE WALET......otiiieitii ettt sttt sttt e reenteenee e 5-4
5.1.3  Sediment/Riparian SOl ..........cccoiiiiiiiiiei e 5-5
5.1.4  GrOUNCUWELET .....veiviiiieiieiesieste sttt bbbttt sb et bbb ne e 5-6
52 BALLARD FEASIBILITY STUDY MEMORANDUM #2 ......ccccoeiniiiiieieiesnanean, 5-9
6  REFERENCES........c oottt ettt st beereeneenes 6-1
Ballard Mine Feasibility Memo #1 Page ii

May 2016



LIST OF TABLES

Table 2-1 Summary of Tier 11 RME Ballard Site Cumulative Risk Estimates for Human
Receptors

Table 2-2 Summary of Tier 1 Ballard Site Radiological Risk Estimates for Human
Receptors

Table 2-3 Tier 1 Ballard Site and Background Radiological Risk Calculation for a
Hypothetical Future Resident based on Total Uranium Concentration, Measured
Gamma Count/Predicted Radium-226 and Radon-22 Flux Data

Table 2-4 Ecological Risk Drivers for the Tier Il Evaluation at Ballard Site and Background
Locations

Table 2-5 Livestock Risk Drivers for the Tier I and Tier 1l Evaluations at Ballard Site and
Background Locations

Table 2-6 Summary of Preliminary Human Health Contaminants/Radionuclides of Concern
based on the Ballard Site BRA

Table 2-7 Summary of Preliminary Contaminants of Ecological Concern based on the
Ballard Site BRA

Table 2-8 Summary of Surface Water and Groundwater Analytes Exceeding Benchmarks

Table 2-9 Final Summary of Contaminants/Radionuclides of Concern and Contaminants of
Ecological Concern

Table 3-1 Federal Chemical-Specific ARARs for the Ballard Site

Table 3-2 State Chemical-Specific ARARs for the Ballard Site

Table 3-3 Federal Location and Action Specific ARARs for the Ballard Site

Table 3-4 State Location and Action Specific ARARs for the Ballard Site

Table 3-5 Remedial Action Objectives for the Ballard Site

Table 3-6 Proposed Surface Water and Groundwater Cleanup Levels

Table 3-7 Proposed Soil and Sediment Cleanup Levels

Table 3-8 Proposed Vegetation Performance Targets

Table 4-1 Ballard Mine Waste Rock Dump and Mine Pit Areas and VVolumes

Table 4-2 Summary of Initial Upland Soil/Waste Rock Technology Screening

Table 4-3 Recorded Stream Flows in Drainages that Originate in the Ballard Site

Table 4-4 Summary of Initial Surface Water Technology Screening

Table 4-5 Summary of Initial Sediment/Riparian Soil Technology Screening

Table 4-6 Summary of Initial Groundwater Technology Screening

Table 5-1 Upland Soil/Waste Rock Remediation Technology Screening Table

Table 5-2 Surface Water Remediation Technology Screening Table

Table 5-3 Sediments/Riparian Soil Remediation Technology Screening Table

Table 5-4 Groundwater Remediation Technology Screening Table

LIST OF DRAWINGS

Drawing 1-1 Site Location Map

Drawing 1-2 Property Ownership, Ballard Mine Area
Drawing 1-3 Ballard Mine Area Delineation Map

Drawing 1-4 Surface Water Drainages to the Blackfoot River

Ballard Mine Feasibility Memo #1 Page iii
May 2016



LIST OF DRAWINGS (continued)
Drawing 1-5 Generalized Geologic Map

Drawing 2-1 Upland Soil and Vegetation Sample Locations

Drawing 2-2 Surface Water, Sediment, and Riparian Soil/VVegetation Sample Locations

Drawing 2-3 Groundwater Monitoring Locations

Drawing 2-4 Upland Soil Analyte Concentration Summary

Drawing 2-5 Riparian Soil, Riparian Vegetation, Sediment and Surface Water Locations —
Selenium Results

Drawing 2-6  Groundwater Locations and Selenium Results

Drawing 2-7 East Side of Mine Direct Push Selenium Isoconcentration Map

Drawing 2-8 West Side of Mine Direct Push Selenium Isoconcentration Map

Drawing 2-9 Conceptual Model Generic External Waste Rock Dump

Drawing 2-10 Conceptual Model Generic Backfilled Mine Pit

Drawing 2-11 Conceptual Model Generic Open Mine Pit

Drawing 4-1 Ballard Mine Area Delineation Map

LIST OF APPENDICES

Appendix A Development of Risk-Based Cleanup Levels for Soil and Sediment - Ballard Site
Appendix B Details of Final Remedial Technology Screening

Appendix C Comments and Comment Responses

Ballard Mine Feasibility Memo #1 Page iv
May 2016



LIST OF ACRONYMS AND ABBREVIATIONS

amsl above mean sea level

ARARs applicable or relevant and appropriate requirements
A/Ts Agencies and Tribes

bgs below ground surface

BLM Bureau of Land Management

BRA Baseline Risk Assessment

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
cfs cubic feet per second

CO/AOC Consent Order/Administrative Order on Consent
COC contaminant of concern

COEC contaminant of ecological concern

COPC contaminant of potential concern

COPEC chemical of potential ecological concern

CWA Clean Water Act

cy cubic yard

DAR Data Approval Request

°F degrees Fahrenheit

DQUR Data Quality and Usability Report

EE/CA Engineering Evaluation and Cost Analysis

EIS Environmental Impact Statement

ERA Ecological Risk Assessment

ET evapotranspiration

ES Feasibility Study

ft feet

GRA general response action

gpm gallons per minute

HHRA Human Health Risk Assessment

HI hazard indices

HQ hazard quotients

1C institutional controls

ICCDB Idaho Conservation Center Data Base

IDEQ Idaho Department of Environmental Quality
IL.CRs incremental lifetime cancer risks

IMA Idaho Mining Association

ISTD in-situ thermal desorption

LCOC livestock contaminants of concern

LCOPC livestock contaminants of potential concern

LRA livestock risk assessment

LUC land use controls

MCL maximum contaminant level (i.e., Federal drinking water standard)
MCY million cubic yards

Ballard Mine Feasibility Memo #1 Page v

May 2016



mg/kg milligrams per kilograms

mg/L milligrams per liter

MDS Monsanto dump seep monitoring location (e.g., MDS030)
MMP Monsanto mine pit (e.g., MMP041)

MMW Monsanto monitoring well location (e.g., MMW022)
MNA monitored natural attenuation

MNR monitored natural recovery

MSG Monsanto spring monitoring location (e.g., MSGO003)
MSP Monsanto pond monitoring location (e.g., MSP055)
MST Monsanto stream monitoring location (e.g., MST062)
MWD Monsanto waste rock dump (e.g., MWID090)

MW Montgomery Watson (predecessor to MWH)

MWH MWH, Inc. (formerly Montgomery Watson Harza, Inc.)
NCP National Contingency Plan

NPDES National Pollutant Discharge Elimination System
NRWQC National Recommended Water Quality Criteria

O&M operations and maintenance

OSWER Office of Solid Waste and Emergency Response (USEPA)
P4 P4 Production, L.LL.C.

PCL preliminary cleanup level

POTW publically owned treatment works

PRB Permeable Reactive Barrier

RA remedial action

RAO remedial action objective

RBCL risk-based cleanup level

RD remedial design

RI Remedial Investigation

RI/FS Remedial Investigation and Feasibility Study

RME reasonable maximum exposure

ROC radionuclide of concern

ROD record of decision

S/S stabilization/solidification

SE southeast (e.g., SE Idaho)

SI Site Investigation (as in part of the EE/CA)

Site P4 Ballard Site

SOW Statement of Work (from the RI/FS AOC unless specified otherwise)
SVE soil vapor extraction

TBC to be considered

TDS total dissolved solids

UIC underground injection control

USEPA United States Environmental Protection Agency

Ballard Mine Feasibility Memo #1 Page vi

May 2016



USFES
USFWS
USGS
USL
UTL

United States Forest Service

United States Fish and Wildlife Service
United States Geological Survey

upper simultaneous limit

upper tolerance limit

Ballard Mine Feasibility Memo #1

May 2016

Page vii



1 INTRODUCTION
1.1 PURPOSE

In 2009, P4 Production, L.L.C. (P4) entered an Administrative Settlement Agreement and Order on
Consent/Consent Order (2009 CO/AOC; USEPA, 20092) with the United States Environmental
Protection Agency (USEPA); the Idaho Department of Environmental Quality IDEQ); the United
States Department of Agriculture, United States Forest Service (USFS); the United States
Department of the Interior including the Bureau of Land Management (BLLM) and Fish and Wildlife
Service (FWS); and the Shoshone-Bannock Tribes (Tribes), collectively referred to as the Agencies
and Tribes or A/Ts. The general objective of the 2009 CO/AOC was to conduct a remedial
investigation and feasibility study (RI/FS) of P4’s legacy mine sites, the oldest of which is Ballard
Mine (Ballard Site). With A/T concurrence, P4 is performing this work sequentially, starting with
the Ballard Site and then moving onto the newer legacy mine sites. In 2014, P4 completed the RI
for the Ballard Site, which is summarized in the Ballard Mine RI Report — Final Revision 2 (Ballard Mine
RI Reporty MWH, 2014). The Ballard Mine FS is being summarized in two memoranda and this
submission (Ballard FS Memorandum #1) is the first of two that will together comprise the FS for
the Ballard Site.

According to Appendix 1 Statement of Work (SOW), Task 5.a of the 2009 CO/AOC, the general
objective of the IS is to determine and evaluate alternatives for remedial action (RA), if any, to
prevent, mitigate, or otherwise respond to, or remedy, any release, or threatened release, of
hazardous substances, pollutants, or contaminants at or from the Site. More particularly, the
purpose of the FS first, is to assemble and screen remedial technologies for the identified
contaminants of concern (COCs), radionuclides of concern (ROCs), contaminants of ecological
concern (COECs), and livestock contaminants of concern (LCOCs) in each environmental medium

and second, use the selected technologies to create and evaluate remedial alternatives, in this case,

for the Ballard Site.

This Ballard FS Memo #1 addresses the first objective by identifying and evaluating available
remedial technologies. The second technical memorandum (Ballard FS Memo #2) will address the
second FS objective by assembling, screening, and comparing a wide variety of possible remedial

alternatives.
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This Ballard FS Memo #1 summarizes the key findings of Ballard Mine RI Report and the Baseline Risk
Assessment (BRA - presented in Appendix A of the Ballard Mine RI Repord). This memorandum then
presents applicable or relevant and appropriate requirements (ARARs), remedial action objectives
(RAOs), general response actions (GRAs), and preliminary cleanup levels for the Ballard Site. It
evaluates available technologies for each medium against the RAOs, GRAs and preliminary cleanup
levels, with an initial screening based on their technical implementability, followed by a second more
detailed screening of their effectiveness, implementability, and cost. These two screening steps
ensure that only the viable technologies for each medium are used in the assembly of remedial

alternatives presented in Ballard FS Memo #2.

Ballard FS Memo #2, which P4 will submit following A/T concurrence with the Ballard FS

Memo #1, will assemble and screen a range of alternatives by effectiveness, implementability, and
cost. This initial screening will be followed by a detailed screen (analysis) using the seven CERCLA
threshold and balancing criteria (USEPA, 1988a). Ballard FS Memo #2 also will present a
comparative analysis of the medium-specific alternatives, combining them ultimately into a single,

holistic remedial alternative for USEPA concurrence.

Alternatives for specific media and particular areas within the Site either can be carried through the
ES process separately or combined into comprehensive alternatives for the entire site. The approach
is flexible and allows the alternatives for the media to be combined at various points in the process.
In this case, because of the number of media involved in the process (i.e., waste rock/soil,
sediment/riparian soil, vegetation, surface water, and groundwater), remedial alternatives are
developed and fully screened by medium, and then combined toward the end of the process in

Ballard FS Memo #2.

1.2 DOCUMENT ORGANI ATION

This Ballard FS Memo #1 generally follows the suggested outline in Guidance for Conducting Remedial
Investigations and Feasibility Studies under CERCLA, Interim Final (RI/FS Guidance, USEPA, 1988a) and

consists of six sections and two appendices:

Section 1.0  Introduction
Section 2.0 Principal RI/BRA Findings and COCs/ROCs/COECs

Section 3.0  Remedial Action Objectives, Applicable or Relevant and Appropriate Requirements

(ARARs), General Response Actions and Preliminary Cleanup Levels
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Section 4.0  Technology Identification and Initial Screening — Identifies and screens a wide range
of potentially usable technologies and process options for remediation of each of the
contaminated Site media with respect to technical implementability.

Section 5.0  Final Screening of Remedial Technologies — Screens the remaining remedial
technologies for each of the contaminated Site media with respect to effectiveness,
implementability, and cost to eliminate marginal technologies and identify potentially
feasible (or viable) technologies for remediation of the Ballard Site.

Section 6.0  References

Appendix A Development of Risk-Based Cleanup Levels for Soil and Sediment - Ballard Site
Appendix B Details of Final Remedial Technology Screening

Appendix C Comments and Comment Responses
1.3 SITE BACKGROUND SUMMARY

This subsection provides a summary of the Ballard Site physical condition, operational and
regulatory history, and history of environmental investigation. A more detailed description of the

Site conditions and history is presented in the Ballard Mine RI Report.
1.3.1 Site Description

The Ballard Mine is located approximately 13 miles north-northeast of Soda Springs, Idaho in
Caribou County (Drawing 1-1) and is accessed via the Blackfoot River Road, off of State Highway
34. The Ballard Mine is comprised of external mine waste dumps, open pits, an abandoned haul
road, and the Ballard Shop Area, all of which cover approximately 534 acres of disturbance. P4
owns approximately 865 acres of surface rights and has a surface easement from the State of Idaho
on an additional 360 acres. These properties contain all of Ballard Mine (Drawing 1-2). The
adjoining properties are all privately held ranching and farming properties. The nearest downstream

Federal land is a 40 acre BLM parcel approximately one mile southeast of the Site.

Ancillary facilities remaining at the Ballard Mine include remnants of a partially paved haul road,
various unimproved soft surface two-track roads, and the Ballard Shop Area consisting of a large
garage/shop building, vatious small storage sheds and buildings, and a stockpile of slag from the P4

Soda Springs plant (see Drawing 1-3). A small office building was demolished in 2011.
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Ballard Shop Area — This area was investigated in 2010 to assess the potential for upland soil and
groundwater contamination sources associated with organic compounds used and stored during its
operating history as a maintenance facility. As further discussed in the Ballard Mine RI Report and in
Section 2.3.1 of this report, several volatile and semi-volatile organic compounds were detected in
the Ballard Shop Area soil and groundwater. As a result, the Ballard Shop Area will not be
addressed further in this FS for the overall Ballard Site because it is the only isolated area of the Site

that:

e Has organic contamination requiring a different suite of treatment technologies and

assembled alternatives from the metals/metalloids for the vast majority of the Site;
e Is currently being operated as an industrial facility with ongoing use; and,

e Wil be addressed, as instructed by USEPA, in a separate closure plan describing: 1) the
Ballard Shop background, i.e., the nature and extent of contamination and technologies
suitable for remediation of the Shop constituents, 2) plans for control of risks to industrial
workers during future industrial use of the area prior to final closure, 3) plans for control of
any ongoing contamination from source area(s) identified at the Ballard Shop and 4) plans
for final closure of the Ballard Shop when the area is no longer used. This plan will be
developed prior to the finalization of Final FS Memo #2 so that the Ballard Shop Area can
be included in the ROD for the overall Site.

It should be noted that the Ballard Shop Area has both inorganic (the slag pile) and organic
contamination and that final Site deposition as described in Ballard Shop Area closure plan
discussed above may change in the future as organic contaminants naturally degrade and the slag pile

is removed through use on roadways.
1.3.2 Ballard Mining History

Ballard Mine, located in T7S, R42-43E, is the oldest of the three phosphate mines being addressed
in the P4 Sites RI/FS. Exploration and stripping at the mine began in June 1951, full-operation
mining activities started in 1952, and mining activities ceased in 1969. During the 17 years of
mining, several side-hill and open-pit excavations produced 10.4 million dry net tons of phosphate
ore which were hauled to the Monsanto elemental phosphorus plant at Soda Springs (Lee,

2001). Approximately 20 million cubic yards (MCY) of waste rock were stripped; of that amount,

two MCY were used to backfill the pits, with the remaining 18 MCY hauled to the mine waste
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dumps (Lee, 2001). The Ballard Mine mineral leases were relinquished to the BLM in April 1984,
and BLM accepted relinquishment in July 1984. P4 Production, L..I..C, which was formed in 1997,
has responsibility for the Ballard Mine.

1.3.3 Regulatory History

Investigations to assess potential impacts of phosphate mining in SE Idaho on human health and
the environment began in 1996. Overburden and waste rock, which are byproducts of extracting
phosphate ore from the earth, have the potential to release selenium to the environment at levels

that exceed background levels.

During the early years of investigation, the majority of the regional investigations were conducted
under direction of the Idaho Mining Association’s (IMA’s) Selenium Committee. Regulatory
agencies provided input and some oversight through the Interagency/Phosphate Industry Selenium
Working Group. In 2001, the regional investigation was transformed into an area-wide investigation
performed by several phosphate mining companies belonging to IMA (Selenium Area-Wide
Advisory Committee) under the direction of IDEQ and other regulatory agencies pursuant to a

CERCLA CO/AOC (2001 CO/AOC; IDEQ, 2001).

In 2004 the investigations began to focus on specific mines in the region, including the P4 Sites.
Effective October 24, 2003, the USEPA, IDEQ, USFS, and P4 entered into a new CO/AOC (2003
CO/AOC; USEPA, 2003). The 2003 CO/AOC, under IDEQ lead, provided for the performance
of Site Investigations (SIs) and EE/CA programs for the P4 Ballard, Henry and Enoch Valley Sites
that were consistent with Comprehensive Environmental Response, Compensation, and Liability

Act of 1980 (CERCLA).

In 2009, at the request of USEPA, P4 and the A/Ts entered a new CO/AOC obligating P4 to
petform an RI/FS and superseding the 2003 CO/AOC.

1.3.4 Previous Investigations

Several studies have been conducted since 1996 at and near the Ballard Site to assess the nature and
extent of impacts from phosphate mining. These studies are listed chronologically in Section 1.0 of
the Ballard Mine RI Report with only notable investigation and study reports listed below. Much of
the investigative data associated with the Ballard Site have been collected to evaluate potential
impacts from mining, with emphasis on selenium in the environment. A number of studies are
mentioned for historical context with recognition that older data and data collected at other P4 and
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regional phosphate mining sites may provide insight into fate and transport behavior of primary

constituents at the Ballard Site.

Most of the pre-2003 CO/AOC data and study summaries ate presented in various tepotts given to
cither the IMA or P4 and are available in the public record. All of the post-2003 AOC data have
been validated by procedures presctibed by the A/Ts.

1998-2001
e Regional Investigation Data Summary Reports (MW, 1998-2001b)

2002
e Area Wide Investigation Data Summary Reports (MWH, 2002a and 2002b)

e Final Area Wide Human Health and Ecological Risk Assessment, Selenium Project,
Southeast Idaho Phosphate Mining Resource Area (Tetra Tech, 2002)

2004

e Area Wide Risk Management Plan: Removal Action Goals and Objectives, and Action
Levels for Addressing Releases and Impacts from Historic Phosphate Mining
Operations in Southeast Idaho (IDEQ, 2004a)

2007
e Interim Phase I SIs Evaluation Summary (MWH, 2007)

2008

e Interim Report for Hydrogeologic Investigation Revision 3 — 2007 Hydrogeologic Data
Collection Activities & Updated Conceptual Models (MWH, 2008)

2010

e Data Quality and Usability Report (DQUR) and Data Approval Request (DAR) — Final,
Revision 2 (MWH, 2010a)

2011

e Remedial Investigation/Feasibility Study Work Plan for P4’s Ballard, Henry and Enoch
Valley Mines. (MWH, 2011)

2012

e Ballard, Henry, and Enoch Valley Mine, Remedial Investigation and Feasibility Study,
Background Levels Development Technical Memorandum (MWH, 2013)

2014

e Remedial Investigation Report for P4’s Ballard Mine (MWH, 2014)
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2015

e On-Site and Background Areas Radiological and Soil Investigation Summary Report

(MWH, 20152)

1.4 SUMMARY OF PHYSICAL CHARACTERISTICS

This section summarizes the regional and Site-specific physical characteristics and includes (1)
physiography, (2) surface features, (3) climate and meteorological information, (4) surface water
hydrology, (5) geology, (6) hydrogeology, (7) ecology, and (8) demographics and land use. Detailed
specifics for each of these categories as well as for soils and cultural and natural resources are

presented in the Ballard Mine RI Report.
1.4.1 Physiography

Topography of the Ballard Site is dominated by a medium gradient, north-northwest/south-
southeast trending ridgeline at elevations ranging from approximately 6,300 to 7,000 feet above
mean sea level (amsl) (Drawing 1-3). Away from the ridgeline to the east and west, the Ballard Site
is bounded by three relatively low-gradient drainage basins containing a number of
intermittent/ephemeral streams that originate from, or flow past, the Site. The Site is located within
three drainages: Long Valley Creek, Wooley Valley Creek, and the Blackfoot River as shown on
Drawing 1-4.

The Ballard Mine encompasses approximately 535 acres of mine waste dumps, mine pits and service
areas. Due to the age of the mine, vegetation has developed over most of the mine area with the
exception of some mine pit areas and a few steep mine waste dump slopes. The configuration of

the mine pits and mine waste dump areas at the Ballard Site are shown on Drawing 1-3.
1.4.2 Surface Features

Lands adjacent to the Ballard Site are agricultural, with grazing to the east and cultivated fields to the

west. Natural topography dominates the landscapes adjacent to the Ballard Site.

Mine Pits and Mine Waste Dumps. The configuration of the mine waste rock dumps and pits is
shown on Drawing 1-3. There are six mine pits at the Ballard Site. The largest pits are MMP035
(the West Ballard Pit) and MMPO036 (Central Ballard Pit) located on the western edge and in the
central portion of the Ballard Site, respectively. Three smaller pits, MMP037, MMP039 and
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MMPO040 are located in the eastern portion of the Ballard Site. The MMPO038 pit is a small closed pit

located south of the mine features.

There are six mine waste rock dumps at the Ballard Site — MWD080, MWDO081, MWD082,
MWDO083, MWDO084, and MWDO093. The mine waste rock dumps at the Ballard Site are generally
flat topped with angle of repose outer slopes. Waste rock was also placed in mine pits MMP035 and

MMPO036. The areas and volumes of mine wastes are provided in Section 4.1.

Ancillary Facilities. At this time, the only ancillary facilities remaining at the Ballard Mine are
remnants of a partially paved haul road, various unimproved soft surface two-track roads, and the
Ballard Shop Area consisting of a large garage/shop building, various small storage sheds and
buildings, and a stockpile of slag from the P4 Soda Springs plant. This stockpiled slag is being used
for maintenance on haul roads and associated facilities consistent with accepted uses on P4’s plant
site and other P4 facilities per the 1996 P4 Soda Springs Plant’s AOC (further discussed in Section
2.2.2 of the Ballard Mine RI Report).

Surface Cover Materials and Vegetation. Based on the 2009 upland soil and vegetation
investigation, surficial material on mine waste dumps at the Site consists mainly of an approximate
2:1 mixture of weathered brown shale and black shale. The weathered brown shale represents the
weathered rock stripped from the near surface during mining to reach the ore beds of the Meade
Peak Member of the Phosphoria Formation, and the black shale is typically the waste shale that was
located between and immediately above and below the Meade Peak Member ore beds. Limestone
and sandstone typically are found at or near the base of Wells Formation highwalls. Dolomite or

limestone boulders are present primarily near the edges of highwalls and pits.

The vegetative cover is relatively dense in some areas consisting mainly of grass and forbs species
and with other areas possessing a higher percentage of woody species. The following species are the

most common:
o Pascopyrum smithii: western wheatgrass
®  Dactylis glomerata: orchardgrass
®  Bromus tectorunr: cheatgrass
®  Bromus inermis: smooth brome

o Medicago sativa: alfalfa
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o Achillea millefolinm: western yarrow

o Geraninm viscosissimumr: sticky geranium
o [appula occidentalis: flatspine stickseed
o Amelanchier alnifolia: serviceberry

o Artemisia tridentata: big sagebrush

o Populus tremuloides: quaking aspen

®  Purshia tridentata: antelope bitterbrush

The vegetation at the Ballard Mine is a combination of planted (shrub and trees) and seeded (e.g.,

alfalfa), along with volunteer vegetation from seeds blown in from the surrounding area.

Several steep slopes, primarily highwalls and angle-of-repose slopes in the southern portion of the
Ballard Site, are unvegetated. Detailed information on the soil and vegetation surveys conducted in
2009 can be found in the Appendix A2 of the P4 Sites RI/FS Work Plan. The vegetation cover was
subsequently altered in 2012 by a rangeland fire. The vegetation in portions of the Ballard Site,
including parts of MMP035, MWD080, MWDO093, and MMP036, were burned.

1.4.3 Climate and Meteorological Information

The climate of southeast Idaho is semi-arid with hot summers and cold winters. The climate is
strongly influenced by topography, which in turn influences wind patterns, temperature, and
precipitation. North-south trending mountain ranges in the region create a natural barrier for water-
saturated Pacific air masses. The rain-shadow effect causes the Snake River Plain region to be semi-
arid with a middle latitude steppe climate. Precipitation during the colder months is generally in the
form of snow, while precipitation during the summer is primarily associated with localized,
orographic thunderstorms. Meteorological data are not available directly from the Ballard Site.
However, meteorological data are available for the nearby Blackfoot Bridge Mine. The data
collected suggests that the average annual precipitation in the Ballard Site vicinity is on the order of
13 inches per year over a 9.5-year period. However, analysis conducted for the Blackfoot Bridge
EIS suggests the longer-term average for the Blackfoot Bridge/Ballard Site area may be upward of
17 inches per year (BLM, 2011). Based on the Blackfoot Bridge meteorological data, July and

August are the warmest months of the year, while December and January are the coldest. Average
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temperatures range from average minimums of 7.9 degrees Fahrenheit (°F) in December to average

maximums of 80.9°F in July.

1.4.4 Surface Water Hydrology

The Ballard Site is a headwater area with small, generally intermittent/ephemeral streams flowing
towards larger drainages off-Site. Most of the headwater streams in the area only flow during
snowmelt runoff. However, a few streams are fed by perennial springs that only flow for a short
distance before infiltrating. These streams then typically are dry downstream of the infiltrating

spring water.

Streams. The small drainages originating from the Ballard Site flow to one of three drainage basins
adjacent to the Ballard Site: Long Valley Creek, Wooley Valley Creek, and the Blackfoot River
(Drawing 1-4). Long Valley Creek leads generally northward to the Little Blackfoot River, which
flows into the Blackfoot Reservoir. The northwest corner of the Ballard Site is a headwater area for
the Long Valley Creek drainage. However, the Ballard Site contributes very little flow to this
drainage and monitoring locations with measureable flow to the drainage have not been identified

on Site. Long Valley Creek is monitored downstream of the Ballard Site.

The Ballard Site is in a headwater area of Wooley Valley Creek, and Wooley Valley Creek is the
primary drainage along the eastern edge of the Site. Wooley Valley Creek reaches the Blackfoot
River during the snowmelt and peak runoff periods in the spring, but is often dry in the summer and
does not contribute significant flow to the Blackfoot River for the rest of the year. Influences by
other (non-P4) phosphate mining operations could possibly impact the lower reaches of Wooley

Valley Creek.

The Blackfoot River is located south of the Ballard Site and surface water from the southwestern
corner of the Ballard Site flows directly towards the Blackfoot River located approximately one mile
to the south at its nearest point. Three minor drainages combine just southwest of the Ballard Site
to form a single drainage that enters the Blackfoot River. This drainage does not have a formal
name, but has informally been called Ballard Creek in the past. Monitoring station MST066 is

located on this drainage just below the confluence of the three minor drainages.

Ponds. Six small ponds (one closed) are present on the Ballard Site. These pond locations are
shown on Drawing 1-3. A majority of these ponds are seasonal and are dry by late summer. They

vary in size from less than 0.1 acres (MSP059) to approximately 0.21 acres (MSP062) and have
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varied riparian vegetation and vegetation densities surrounding them. Some have riparian habitats
dominated by willows suited for some wildlife; whereas, MSPO13 is a barren depression that is often
dry, with no significant riparian vegetation. Stock pond MSP010 was fenced off and backfilled by

P4 in 2010 and replaced with an agricultural well located to the north of the Ballard Site.

1.4.5 Geology

The Ballard Site is located nearly on the boundary between the Basin and Range and Rocky
Mountain Physiographic Provinces, and the geology in the Ballard Mine area is transitional between
these provinces. Drawing 1-5 depicts the surficial geology at and adjacent to the Ballard Mine. The
geology of the area is characterized by linear, north-south trending, fault-bounded ranges and basins
formed by extensional tectonism. This extensional tectonism overprints an earlier period of
compressional tectonics that included major overthrusting, which resulted in synclinal-anticlinal

folds and some faulting during the Upper Cretaceous and Paleocene periods.

Ranges in southeast Idaho are generally composed of deformed Paleozoic and Mesozoic
sedimentary rocks, including thick marine clastic units, cherts, and limestones. The valleys are
largely filled in with Quaternary alluvium and colluvium that overlie Pleistocene basalt flows in some
places. Thick basaltic flows of the Snake River Plain region and rhyolite domes south of the
Blackfoot Reservoir and west of the Ballard Site comprise most of the remaining volcanic sequences
in the region. Massive accumulations of marine sediment occurred during the Paleozoic era over a
large area of eastern Idaho, southwestern Montana, and northern Utah. During Permian times the
Phosphoria Formation was deposited, creating the western phosphate field which includes the SE
Idaho phosphate resource area. The Phosphoria Formation has four members (from oldest to
youngest): the Meade Peak Phosphatic Shale, Rex Chert, Cherty Shale, and Retort Phosphatic Shale.
The Meade Peak Member, which ranges in thickness from about 55 to 200 feet, is the source of
most of the extracted phosphate ore. This is the oldest member of the Phosphoria Formation and is
typically overlain by either the Rex Chert or the Cherty Shale. The Retort Member is discontinuous
and is found in the northern and eastern parts of the region but not in the vicinity of the Ballard Site

(USGS and USFS, 1977).

Another significant sedimentary unit in the area is the Triassic Dinwoody Formation, which is made
up of upper and lower units consisting of limestone, siltstone, and shale layers. The lower
Dinwoody Formation directly overlies the Phosphoria units in the stratigraphic section. The upper

and lower units are often separated by a distinct layer of Woodside Shale.
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The Meade Peak Member of the Phosphoria Formation is underlain by the upper unit of the Wells
Formation, which consists of sandstone interbedded with limestone and dolomite. In some
locations, the Grandeur Limestone of the Park City Formation is present above the Wells Formation

and is usually considered part of the Wells Formation for mapping purposes.

1.4.6 Hydrogeology

The groundwater system in the region can be divided into (1) local shallow groundwater systems
within basin-fill alluvium, (2) shallow to deep intermediate systems within sedimentary bedrock
units, and (3) regional groundwater flow systems within deeper sedimentary bedrock units. Local
systems generally are recharged and discharge within a single adjacent ridge and valley area. An
example of an intermediate flow system is one that is recharged on one side of a ridge and then
discharges to an adjacent valley; whereas, regional systems may transmit groundwater over large

distances through multiple interconnecting valleys.

The alluvium and colluvium in the valleys can be up to approximately 150 feet thick and are
recharged by direct precipitation and shallow flow from the topographic high points (i.e., the area
ridges). The alluvial flow system is generally unconfined and may interact directly with the local
surface water systems in the valleys with gaining and losing sections of streams at different locations.
This is characteristic of the alluvial valley on the east side of the Ballard Site. Where the bedrock
sedimentary units contact alluvium, groundwater will similarly move between the alluvium and
bedrock depending on the hydraulic characteristics of the units and the hydraulic gradients at

different locations.

In the bedrock units, the Dinwoody, Phosphoria, and Wells Formations are the principal
sedimentary formations in the area of the Ballard Site through which significant groundwater flow
may occur. Previous hydrogeologic research conducted in the area generally indicates the following
regarding potential bedrock groundwater systems in the area:

e The Dinwoody Formation typically support intermediate groundwater flow systems
(Ralston et al., 1977; Ralston et al., 1980).

e The Phosphoria Formation does not support any major groundwater flow systems;
however, the Rex Chert Member may transmit groundwater where locally fractured
(Ralston et al., 1977; Ralston et al., 1980). The main ore-bearing unit of the Phosphoria
Formation, the Meade Peak Phosphatic Shale, is relatively impermeable due to low
vertical hydraulic conductivity (Ralston et al., 1980).
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e The Wells Formation supports a regional groundwater system (Ralston et al., 1977,
Ralston et al., 1980). The Wells Formation has the highest hydraulic conductivity
compared to the other bedrock units in the region (BLM, 1999).

In general, the groundwater flow systems in the Dinwoody Formation are separated from the deeper
Wells Formation by the low hydraulic conductivity of the Phosphoria Formation (in particular the
Meade Peak Member). This causes the upper flow systems in the Dinwoody Formation to be
typically local or intermediate in extent, while the lower flow system in the Wells Formation may

commonly be regional.

Recharge to the bedrock units generally occurs along outcrops, particularly along topographically
high ridges and flows downward, typically along the dip of the geologic beds. Groundwater flow
through bedrock units is controlled by several factors, including the hydraulic properties of the units
(i.e., with bedding and cross bedding hydraulic conductivities) and hydraulic gradients, the areal
extent, thickness and orientation of the geologic units, as well as structural controls such as folding,
fracturing, and faulting. The bedrock at the Ballard Site is extensively faulted with high angle faults

creating numerous fault blocks that may be hydrogeologically isolated.
1.4.7 Ecology

This section briefly discusses the biological resources in the Southeast Idaho Phosphate Resource
Area extracted from Tetra Tech (2002). The 7998 Regional Investigation Report (MW, 1999) also

presents a detailed discussion of the regional ecology.

The vegetation in the Southeast Idaho Phosphate Resource Area, where the Ballard Site is located, is
transitional between the Great Basin vegetation to the south and the Rocky Mountain vegetation to
the north (MW, 1999). The six vegetation types within the Southeast Idaho Phosphate Resource
Area are a result of elevation, moisture, temperature, soil type, slope, and aspect. Based on previous
investigations, the Southeast Idaho Phosphate Resource Area contains or supports about 75 species
of mammals, 272 species of birds, 16 species of reptiles, 16 species of fish, and seven species of
amphibians (USGS and USFES, 1977; USFWS 1985, 1997; and Idaho Conservation Center Data Base
(ICCDB) 1999, all as cited in MW, 1999).

The only threatened and endangered species occurring in Caribou County is the Canada lynx (Lynx
canadensis), listed as threatened (USFWS, 2015). In addition, it should be noted that the greater sage-
grouse (Centrocercus urophasianus) is listed as a candidate species and could potentially occur at the
Ballard Site. To date, no sightings of either species have been observed by or reported to P4.

Ballard Mine Feasibility Study Memo #1 Page 1-13
May 2016



1.4.8 Demography and Land Use

The area surrounding the Ballard Site is sparsely populated. The largest nearby population center is
Soda Springs, Idaho, which is located 13 miles south-southwest of the Ballard Site. The
unincorporated community of Henry is located about six miles north-northwest of the Ballard Site.

Outside of these areas, the population largely resides on scattered ranches and farms.

Farming and ranching are the dominant land uses in the vicinity of the Ballard Site. Farming
consists of dry land crops, primarily wheat and/or batley, grown in fields to the west of the Site.
Dry land crops, as the name implies, are not irrigated. Grazing is the primary land use on the

adjacent properties to the north, east, and south of the Site.

Public recreation is important on the nearby state lands (see Drawing 1-2) and the primary public
recreational use is hunting. Mining is the principal use of the area with active mining in the vicinity

of the Ballard Site being conducted by P4, as well as Agrium.

Potential water resource uses in the Ballard Site area include industrial use, irrigation, stock watering,
recreational use, wildlife use, and cold-water biota use. Groundwater use in the vicinity of the
Ballard Site is dependent on several variables, including population and land use, availability and
quality of surface water, and availability and quality of groundwater. In the valleys surrounding the
mined areas, groundwater is primarily used for livestock watering, limited domestic use, and mine-

site water supply
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2 PRINCIPAL RI/BRA FINDINGS AND COCS/ROCS/COECS

This section summarizes the findings from the Ballard Mine RI and BRA as presented in the final
Ballard Mine RI Report, and lists the preliminary and final COCs/ROCs/COECs for each medium
based on review of the BRA and benchmarks for surface water and groundwater. Section 3.5
presents proposed Site-specific, risked-based preliminary cleanup levels for the

COCs/ROCs/COECs identified in each medium.

2.1 NATURE AND EXTENT OF CONTAMINATION SUMMARY

As described in detail in Section 4.0 of the Ballard Mine RI Report, the nature and extent of
constituents (i.e., COCs/ROCs/COECs) associated with the Ballard Site were identified through
extensive sampling of the various media within and downslope of the Site and review of numerous
investigations that confirmed characteristics of the mined materials and mining practices. The RI
findings regarding all media provide sufficient information to characterize the nature and extent of
contamination associated with vegetation on the Ballard Site (MWH, 2014). Drawings 2-1 to 2-3

show the sampling and monitoring locations for the various media.

The primary known/recognized source of contaminants associated with phosphate mining in
southeast Idaho is the Meade Peak Member of the Phosphoria Formation. In particular, the waste
shale between ore horizons contributes much of the constituent loading. This is in part because the
center waste shale, as it is known, represents a significant portion of the overburden rock that is
stockpiled in waste rock dumps when the ore is removed, and is enriched with
COCs/ROCs/COECs which includes metals, metalloids, naturally occurring uranium, and uranium-
daughter products (e.g., radium-226 and radon-222). With few exceptions, constituents are leached
from the waste rock in mine dumps through precipitation contact, which either directly runs off as
surface water, mostly during the spring snowmelt, or infiltrates into the mine dump and appears as
contaminated springs at the toe of the dumps. Water can continue downward through the mine
waste rock dumps, infiltrate into the underlying shallow groundwater, and then appear as seeps in
the stream channels leading from the Site or as shallow groundwater plumes leading from the source

area..

In general, groundwater contamination in bedrock at the Site appears to be limited to the area
immediately surrounding the mine pits. Sediments and surface water in the stream channels leading

from the waste rock dumps and associated ponds contain some elevated constituents. However, the
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constituent concentrations rapidly decrease in the downstream direction and are most elevated in the
on-Site pond locations. Similarly, riparian soils and riparian vegetation contain constituents, which
are most elevated near the dumps and on-Site pond locations, but rapidly decrease in the
downstream direction. Upland soils collected primarily from the soils overlying the waste rock
dumps, and also along haul roads and other operational areas, are comprised in many cases of center
waste shale that contain elevated constituents (as would be expected) as does the vegetation that
grows upon the mine dumps. In summary, the areal distribution of constituents is limited to the
waste rock in the mine dumps and pit backfill throughout the Site, and contamination is transported
a relatively short distance downslope by a combination of surface water and groundwater that have
elevated constituents because of precipitation contact with waste rock. Key findings of the nature

and extent evaluation for the Ballard Site are presented by medium in the subsections below.

2.1.1 Upland Soil and Waste Rock

Concentrations of most constituents in the upland soil samples collected across waste rock dumps,
mine pit backfill, and the haul road are elevated above screening and background levels for several
metals/metalloids/radionuclides as discussed in Section 4.1 of the Ballard RI Report and the On-Site
and Background Areas Radiological Soil Investigation Summary Report (Background and Radiological Soils Report,
MWH, 2015a). Screening levels, as referenced in Section 2.0, are based on conservative

promulgated standards as defined in Section 4.0 of the Ba/lard RI Report.

There is a wide range of constituent concentrations in these soil samples that reflects the
heterogeneous nature of the waste rock deposited in the dumps and backfilled pits (see Drawing 2-
4). Soil sample results from transect sampling collected near the edge of one waste rock dump
suggested that minor off-dump transport is occurring. However, based on the 2014 on-Site and
background areas radiological and soil investigations, off-dump transport does not appear to be a

concern.

2.1.2 Upland and Riparian Vegetation

Upland vegetation samples collected from the various dumps and backfilled mine pits are elevated

above background and screening levels for several metals/metalloids, as discussed in Section 4.2 of
the Ballard RI Report. Similar to upland soils, there is a large range in metal concentrations in upland
vegetation reflecting the heterogeneous nature of the mine waste rock materials and plant uptake of

these constituents in these areas. Vegetation samples collected from culturally significant vegetation
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generally show low to non-detectable concentrations of mercury, molybdenum and selenium with
some seasonal variations in selenium and molybdenum concentrations. During the 2009 seasonal
investigations, higher concentrations were reported in forb samples collected in the fall compared to
the spring. In addition, the 2009 investigation attempted to identify the selenium uptake potential of
each species. Certain plant species have the ability to accumulate selenium at concentrations higher
than observed in the soil/overburden (i.e., hyperaccumulators). Two vegetation species, classified as
selenium accumulators, were found at the Ballard Site. Milk vetch (Astragalus sp.) was observed and

Scarlet Indian paintbrush was rarely observed (Castilleja miniata).

Riparian vegetation samples collected in upstream locations (ponds, seeps and some springs) have
concentrations of metals/metalloids elevated above screening and background levels similar to
upland vegetation. However, constituent concentrations in riparian vegetation decrease significantly

downstream, as noted at the spring and stream stations.

2.1.3 Riparian Soils and Sediment

Concentrations of several constituents are elevated above screening and background levels in
riparian soils and sediments samples collected from upstream locations and some downstream
locations (streams) as discussed in Section 4.4 of the Ballard RI Report. The suite of constituents in
riparian soils and sediments that exceed screening levels are similar to constituents found in upland
soils and surface water. Constituent concentrations in riparian soils and sediments significantly
decrease in downstream locations as shown for selenium on Drawing 2-5, but still are elevated in
some sediments samples above screening and background levels for several constituents at the
furthest monitored downstream locations (e.g., at MST272 and MST273 for antimony, selenium,
uranium, and vanadium, which are located off of P4 property). However, concentrations of most

constituents approach background values at the downstream locations.

2.1.4 Surface Water

Surface water samples collected from intermittent/ephemeral streams and perennial dump seeps,
springs and ponds associated with the Ballard Site often contain elevated concentrations of
metals/metalloids above theit respective screening and background levels as discussed in Section 4.3
of the Ballard RI Report. Surface water samples collected from dump seeps, springs, and ponds
located near the mine waste dumps contain a greater number of elevated constituents when

compared to intermittent/ephemeral stream samples, which generally are collected downstream
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from these sources. In addition, several small tributaries that originate in the mine area also exceed
background and screening levels for selenium and other constituents downstream of P4 property

(refer to Drawing 2-5).

The Ballard Site is located in a headwater area with small, generally intermittent/ephemeral streams
flowing towards larger drainages off-Site. Most of the headwater streams in the area only flow
during snowmelt runoff. However, a few streams are fed by perennial springs that only flow for a
short distance before infiltrating. These streams then typically are dry downstream of the infiltrating
spring water. In general, the tributaries emanating from the Ballard Site do not contribute to
contaminant loading during base or low flow conditions and the total runoff and storm water

contribution to the Blackfoot River from the Site is minot.

2.1.5 Groundwater

Selenium is the most consistently elevated constituent that exceeds groundwater screening levels (see
Drawing 2-6). Other constituents sporadically may exceed their screening levels (i.e., exceed levels
in a single event at a single location, exceed in a very few locations [e.g., dump seeps], or exceed in

total but not dissolved fractions) as discussed in Section 4.5 of the Ba/lard RI Report.

The local, intermediate, and regional aquifers associated with the Ballard Site have the following

noted impacts from the sources of contamination (i.e., the waste rock dumps):

e Shallow alluvial groundwater on the east side of the mine is impacted by two waste rock
dumps and this has resulted in three distinct plumes (Drawing 2-7) off of P4 property.
On the west side of the mine, alluvial groundwater is impacted by two waste rock dumps
and this has resulted in two distinct selenium plumes (Drawing 2-8) that have migrated
off of P4 property.

e Groundwater collected from monitoring wells screened near the top of the Dinwoody
Formation on the east side of the mine exceeds the selenium screening level; whereas,
monitoring wells screened deeper in the Dinwoody Formation report selenium
concentrations less than the screening level.

e Three of the five monitoring wells installed in the Wells Formation at the Ballard Site
have total selenium concentrations in groundwater above the screening level and are
located on the interior of the mine, but monitoring wells on the perimeter of the mine in
the Wells Formation have selenium concentrations in groundwater below the selenium
screening level.
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2.2 CONTAMINANT FATE AND TRANSPORT SUMMARY

The transport of contaminants on and away from the Ballard Site is dominated by the movement in
water, specifically surface water and shallow groundwater. Dispersion of mine-related constituents
in the environment occurs as the result of dissolution of potential contaminants from center waste
shales of the Phosphoria Formation, exposed in waste rock dumps or in mine pits, and the
subsequent advection of dissolved constituents in surface water and groundwater. Of these, the
surface water and associated sediment pathways are confined to relatively small stream channels that
periodically flow to the much larger Blackfoot River. Shallow groundwater is as significant of a
pathway as surface water, but much more complex and difficult to characterize. The remaining
media, such as soil and vegetation, are relatively static and do not contribute significantly to the
transport of contaminants. However, some dispersion occurs through soil erosion and downstream
sediment and riparian soil may be related to the soil erosion pathway. There is not significant

evidence that wind erosion has any major role at the Ballard Site.

There are three primary settings where center waste shale or other rocks associated with the
Phosphoria Formation could be exposed to the environment and have the potential to leach
constituents into groundwater.

e Locations where the center waste shale and other analyte-bearing rock have been placed
in an external (outside the mine pit) waste rock dump (Drawing 2-9).

e Locations where the center waste shale and other analyte-bearing rock have been used to
backfill a mine pit (Drawing 2-10).

e Locations where the center waste shale and other analyte-bearing rock are exposed in an
open mine pit wall (Drawing 2-11).

There are some common components to the models that should be considered. This includes the
observation that the P4 phosphate mines, including the Ballard Site in general, have been developed
on mountainsides where the Phosphoria Formation is exposed at the surface. Typically, mining
practices result in external waste rock being placed on the downbhill side of the ore unit outcrop.
This creates a condition where runoff and near-surface groundwater flow is directed in one direction
— downslope away from the mine and can affect downgradient/downslope (i.e., off-Site)
groundwater and surface water. However, there are exceptions at the Ballard Site where some waste
rock dumps are uphill of a mine pit due to the complex area geology (i.e., repetition of the ore-

bearing geologic section), which resulted in multiple adjacent pits. In this configuration, surface
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water and seep discharges from the waste rock are generally confined on-Site and include direct

discharge to the downslope mine pits.

2.3 SUMMARY OF HUMAN HEALTH, ECOLOGICAL, AND LIVESTOCK RISKS
DRIVERS BY MEDIUM

2.3.1 Human Health Risks

A human health risk assessment (HHRA) was performed using reasonable maximum exposure
(RME) assumptions to evaluate risks of exposure to Site contaminants of potential concern
(COPCs) for potential current and future human receptors. The current and/or future human
receptors evaluated in the HHRA were: Native American, seasonal rancher, hypothetical future
resident, recreational hunter, and recreational camper/hiker. Table 2-1 summatizes human health
risk estimates and preliminary COCs for each receptor by medium. Under hypothetical
current/future land use conditions, certain human receptor scenarios are associated with incremental
human health risk estimates greater than regulatory default risk standards — that is an incremental
cancer risk of 1x10”° (IDEQ) or 1x10° (USEPA) or an incremental hazard index (HI) greater than 1
and include Native American, hypothetical future resident, and seasonal rancher. The recreational
hunter and campet/hiker receptors, which also were evaluated, fell below the risk thresholds listed

above.

Constituents contributing most to incremental current/hypothetical future land use risk estimates
above acceptable thresholds are:
e Antimony, arsenic, cadmium, molybdenum, selenium, thallium, and uranium in upland
soil

e Arsenic, cadmium, molybdenum, nickel, selenium, thallium, and vanadium in riparian
soil

e Arsenic, cadmium, and selenium in sediment

e Arsenic, selenium, and thallium in groundwater

Uranium daughter products were identified as preliminary ROCs for upland soil based on the results
of health-protective, Tier I radiological risk evaluations presented in the BRA (MWH, 2014) and the
BRA Addendun (MWH, 2015b). Tier I radiological cancer risk estimates for the hypothetical future
resident, Native American, seasonal rancher, recreational hunter, and recreational camper/hiker

were 2x 107, 1x107% 5x 10, 2x 10* and 1 x 10, respectively, as shown in Table 2-2. The
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primary radiological risk drivers were radium-226 (all human receptors) and radon-222 (hypothetical
future resident only), modeled from total uranium concentrations in upland soil. Tier I radiological
cancer risk estimates for the above receptors, with the exception of the recreational camper/hiker,
exceed both IDEQ and USEPA risk management criteria. The Tier I radiological cancer risk
estimate for the recreational camper/hiker was above the IDEQ risk management criterion, but did
not exceed the upper end of the USEPA acceptable risk management range equivalent to 1 x 10™.
All of the radiological risk estimates presented above were based on sequential decay modeling of
radium-226 activities from total uranium concentrations. In order to determine the actual
concentrations of radium-226 in upland soil at the Site, a radiological site and background
investigation was conducted in fall 2014 and results of this investigation are reported in the
Backgronnd and Radiological Soil Report. 'The new radiological dataset will be used in radiological risk

evaluations to be prepared for the Henry and Enoch Valley Sites.

For the Ballard Mine, Tier I radiological cancer risk estimates for the hypothetical future resident
were reevaluated using measured radionuclide concentrations derived from the 2014 on-Site and
background areas radiological investigation and compared to Tier I radiological cancer risk estimates
presented in the Ba/lard Mine BRA. For this reevaluation, radiological cancer risk estimates for the
hypothetical future resident were calculated using radium-226 concentrations predicted from the
maximum gamma count results in upland soils at the Ballard Mine; and radon-222 indoor air
concentrations modeled from the maximum radon flux measurements collected at the Ballard Mine.
Tier I cancer risk estimates for a hypothetical future resident exposed to radionuclides in upland
soils at the Ballard Mine using measured concentrations and concentrations based on secular
equilibrium modeling are presented in Table 2-3. Radionuclide-specific and total cumulative Tier I
cancer risk estimates for a hypothetical future resident exposed to measured concentrations of
radionuclides in upland soils at the Ballard Mine are 8.0 x 107 (radium-226), 8.0 x 10” (radon-222),
and 9 x 107 (total). Radionuclide-specific and total cumulative Tier I cancer risk estimates for a
hypothetical future resident exposed to modeled concentrations of radionuclides in upland soils at
the Ballard Mine, as reported in the BRA, are 2.9 x 107 (radium-226) 1.9 x 10" (radon-222), and 2 x
10" (total).

Based on the above comparison, the total Tier 1 cancer risk estimate for the hypothetical future
resident exposed to radionuclides in upland soils at the Ballard Mine based on measured

concentrations is only slightly lower than that based on modeled concentrations. The maximum
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measured on-Site concentrations of radium-226 and radon-222 are 82.4 picoCuties per gram (pCi/g)
and 15,600 pCi per cubic meter (pCi/m3), respectively; while the concentrations of radium-226 and
radon-222 modeled from total uranium concentrations detected on-Site were 29.2 pCi/g and 36,554
pCi/m3. As a result, the measured on-Site radium-226 concentration and corresponding Tier I
cancer risk estimate are higher than values modeled from total uranium concentrations based on
sequential decay modeling. In contrast, the measured on-Site radon-222 concentration and
corresponding Tier I cancer risk estimate are lower than values modeled from total uranium

concentrations.

Perhaps the most compelling findings from the 2014 on-Site and background areas radiological
investigation are that the maximum radium-226 concentration measured in upland soils at the
Ballard Mine (82.4 pCi/g) is only about three-fold higher than the maximum radium-226
concentration measured in background areas (27.2 pCi/g); while maximum radon-222
concentrations measured on-Site and in background areas are roughly equivalent (Table 2-3). Asa
result, the total cumulative radiological cancer risk estimates for the hypothetical future resident

exposed to radionuclides in upland soils on-Site and in background areas are only marginally

different (i.e., 9 x 10° vs. 7 x 107).

It should be noted that grazing and recreational activities, such as hunting, camping and hiking, on
the Ballard Mine, including leased State lands (i.e., the mine-disturbed area), are most representative
of the current land uses possible on the Ballard Mine. Grazing and recreational activities also are the
most likely future land uses for the Ballard Mine. As indicated by the de minimis cancer risk and non-
cancer hazard estimates for the recreational hunter and camper/hiker receptors, these current and
anticipated future land uses are not adversely affected at the Ballard Mine. The Native American,
hypothetical future resident, and seasonal rancher were evaluated to determine if land use controls
and/or RAs will be necessary to protect potential future subsistence, residential or seasonal ranching
land uses for the Ballard Mine. Although land uses such as subsistence gathering and residential,
which were assumed to occur exclusively on the Ballard Mine area in the HHRA, are unlikely to

occur in the future.

Incremental cancer risk and non-cancer HI estimates for the Native American, hypothetical future
resident, and seasonal rancher are greater than 1x10™ and 1, respectively. Therefore, further
evaluations in the IS of area-specific remedial alternatives, including institutional land use controls,

will be required to protect these potential receptors/land uses on the Ballard Mine, proper. Because
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the concentrations of preliminary COCs/ROCs dectease rapidly in downslope directions from the
mine dumps, it is not anticipated that current or potential future off-mine subsistence and residential
or seasonal ranching land uses in the vicinity of the Ballard Mine are adversely impacted. However,
as discussed in this memorandum, remedial options will be evaluated for both the mine-disturbed
area footprint and potentially impacted lands in the vicinity of the mine (i.e., Ballard CERCLA Site

boundary).

Ballard Shop Area. Site-related carcinogenic risks to hypothetical future residents from
naphthalene in soil at the Ballard Shop fall within the USEPA risk management range, but the non-
carcinogenic hazard criterion was exceeded by 1,2,4-trimethylbenzene in soil. Hydrocarbons
associated with fuel were not detected in any significant concentrations. The concentrations of
other organic compounds detected were well below screening levels. In addition, there were no site-
related risks to hypothetical future residents from organics in groundwater. However, groundwater
location (SBO7) reported concentrations of tetrachloroethylene above the groundwater standard of
0.005 mg/1in 2011 and 2015. Given the curtent land ownership and continued industrial use of the
Ballard Shop, future residential land use is unlikely. In addition, the stockpiled slag at the Ballard
Shop, as noted in Section 1.4.2, ultimately will be addressed when the Shop area is no longer used.
Any further potential action (additional monitoring or characterization) regarding organic

constituents in soil and groundwater at the Ballard Shop will be addressed in the future.

A closure plan will be prepared as discussed in Section 1.3.1 for the Ballard Shop Area and

submitted prior to finalization of FS Memo #2.

2.3.2 Ecological Risks

An ecological risk assessment (ERA) was performed using RME assumptions to bound risks for a
select group of ecological receptors that include mammalian and avian species that are present and
could be exposed to contaminants of potential ecological concern (COPECs) found in Site media.
The ecological receptors evaluated in the ERA were: American goldfinch, American robin, coyote,
deer mouse, elk, great blue heron, long-tailed vole, mallard, mink, raccoon and northern harrier.

Table 2-4 shows the range of Site-wide hazard quotients (HQs) for ecological receptors with HQs
exceeding the EPA’s and IDEQ’s acceptable HQ of 1. Preliminary COECs contributing to HQ

estimates above acceptable thresholds are:
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e Antimony, cadmium, chromium, copper, molybdenum, nickel, selenium, thallium,
vanadium and zinc in upland soil

e Antimony, cadmium, chromium, copper, molybdenum, nickel, selenium, thallium and
vanadium in riparian soil

e Selenium in surface water

e Antimony, cadmium, copper, molybdenum, selenium, and thallium in sediment

In addition, the chemical-specific HQs for amphibians exposed to surface water potential COECs at
the Ballard Site ranged from <1 to 101, with HQs calculated based on chronic aquatic life criteria

that are protective of both acute and chronic effects.

Similar to human health risks, these ecological HQs represent upper bound estimates that tend to
overestimate Site risks. For example, ecological HQ estimates calculated using background
concentrations were greater than 1 for three of six mammalian receptors, and for two of five avian
receptors, indicating that local wildlife are able to survive metals concentrations that are theoretically
elevated, according to ecological risk assessment assumptions. Additionally, background ecological
HQ estimates presented in the Ba/lard Mine BRA were based on the 2013 background dataset, and
did not account for exposure to naturally elevated concentrations of COECs in the Phosphoria
Formation. The 2014 background dataset includes higher concentrations of COECs compared to
the 2013 background dataset. However, the ERA did not account for potentially higher selenium

concentrations that may occur in hyperaccumulator plant species.

2.3.3 Livestock Risks

A livestock risk assessment (LRA) was performed to evaluate potential impacts of Site contaminants
on grazing animals. The primary livestock species that currently, or historically, have grazed on
reclaimed mine sites in the Phosphate Resource Area are beef cattle, sheep, and horses. However,
these animals graze in the vicinity of the Ballard Mine, but not on the mine itself. Sheep, in
particular, have a preference for forbs that may include selenium hyper-accumulator plant species,
while beef cattle prefer grasses. As described in the BRA (MWH, 2014), sheep grazing on the P4
Mine Sites is not allowed under current Site management practices. However, the use of the land
for the grazing of beef cattle is a desired beneficial use of reclaimed mine sites. Based on this
information, beef cattle were selected as the livestock indicator receptor for evaluation in the LRA.

Note that the LRA specifically did not account for potentially higher selenium concentrations that
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may occur in hyperaccumulator plant species. Based on factors listed in the uncertainty analysis for
the HHERA (Section 6.8; MWH, 2014), uncertainty in risk results for livestock exposure models,
which do not include potential analyte concentrations in selenium hyperaccumulators, is considered

low.

Potential risks to beef cattle were evaluated following the methods and assumptions used to model
exposures for large herbivorous ecological receptors. Beef cattle exposures were modeled for all
livestock contaminants of potential concern (LCOPCs) identified in Ballard Mine surficial media.
Tier IT HQ estimates for beef cattle exposed to surficial media at the Site are shown in Table 2-5
and ranged from 0.32 to 2.5. The only livestock contaminant of concern (LCOC) with a Tier II HQ

> 1 for beef cattle was selenium in upland soil.

2.3.4 BRA Preliminary COC/ROCs/COECs/LCOCs

Based on the BRA findings discussed above, two tables were developed for the Ballard Site
presenting preliminary contaminants of concern for human health (Table 2-6) and ecological risks
(Table 2-7) for each medium. The preliminary COCs, ROCs, COECs, and LCOCs identified in
these tables present the risk drivers for the various media with two exceptions. Following review of
the BRA findings and the nature and extent of exceedances, thallium was identified in the HHRA as
a preliminary COC in groundwater. However, only one of 19 groundwater samples that were
analyzed for thallium exceeded the screening level of 0.00016 mg/L (USEPA RSL for tap water).
The sample was collected from MMWO020 in 2007 and was reported at 0.0011 mg/L. The MCL for
thallium is 0.002 mg/L. As a result, thallium has not been included as a COC.

In addition, antimony was identified in the BRA as a preliminary COEC in riparian soil. However,
based on further evaluation, antimony is eliminated as a preliminary COEC, as the sample

concentrations are less than the background concentration in riparian soil.

2.4 SUMMARY OF BENCHMARKS FOR WATER

This section evaluates surface water and groundwater concentrations detected at the Ballard Site in
relation to promulgated federal and state chemical-specific standards. The objective of this
evaluation is to identify other constituents in surface water and groundwater that may not have been
identified as risk drivers in the Ballard BRA, but may be considered COCs/COECs based on

screening against benchmarks that have been developed and are recognized by the USEPA. The
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discussion of all chemical-specific ARARs is provided in Section 3.0 of this Ballard FS Memo #1;
however, in summary, chemical-specific benchmarks are identified herein for surface water and
groundwater only. The other primary media (i.e., upland soils, riparian soils, and sediment) do not
have promulgated regulations regarding contamination that require cleanup (e.g., maximum
contaminant limits or MCLs), they only have suggested regional screening levels for industrial and

residential sites (refer to www.cleanuplevels.com)

The benchmarks for groundwater and surface water include the following sources of information:
e National Primary Drinking Water Regulations (MCLs) - 40 CFR Part 141
e National Recommended Water Quality Criteria (NRWQC) - Section 304(a) of CWA
e Idaho Water Quality Standards - IDAPA 58.01.02

e Idaho Groundwater Quality Rule - IDAPA 58.01.11.200

2.4.1 Surface Water

Analytes exceeding the benchmark criteria for surface water are listed in Table 2-8 and include
aluminum, arsenic, cadmium, copper, iron, manganese, nickel, and selenium. These exceedances

were further evaluated to identify the nature and extent of these exceedances at the Ballard Site.

The Ballard RI found isolated instances of aluminum, coppet, iron, and nickel exceeding surface
water benchmarks in three springs (MSG006, MSG007, and MSGO08), one surface water station
(MST095), and two stock ponds (i.e., MSPO11 and MSP059). The RI found multiple exceedances of

arsenic, cadmium, manganese, and selenium in surface water downgradient of the Site.

The aluminum, iron, and manganese exceedances are attributed to high background concentrations.
These constituents were detected in both surface water and groundwater and in several of the
background surface water and groundwater locations. These analytes do not appear to be an
indicator of mine impacts because there was no correlation between the detection of these metals in
surface water and the detection of selenium. Furthermore, when both total and dissolved
concentrations were detected, often the elevated concentrations were not present in the dissolved
fraction indicating these constituents were present in the suspended fraction (e.g., turbidity) of the

sample.
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Based on the isolated occurrences of aluminum, copper, iron, and nickel exceedances and the
elevated background concentrations of aluminum, iron, and manganese, these analytes are not
identified as COCs/COZECs in surface water. The surface water COCs/COECs then are limited to
arsenic, cadmium, and selenium because Site-related concentrations exceed regulatory benchmarks

and background levels at downstream locations at the Site.

2.4.2 Groundwater

Analytes that exceeded the primary MCLs in groundwater are listed in Table 2-8 and include

arsenic, cadmium, and selenium.

Sulfate and TDS are analytes that exceeded screening in the Ba/lard RI Report, but as they do not
exceed enforceable standards they are not considered COCs during the selection of remediation
technologies and alternatives for groundwater. However, they are relatively elevated in some
locations on the Site, and they were used to help characterize the Site and need to be considered in

technology selection as they can interfere (sulfate in particular) with some technological processes.

In addition, aluminum, iron, and manganese also exceeded screening or background levels as
discussed in the Ballard RI Report. The detected aluminum, iron, and manganese levels appear to be
within background concentrations in groundwater and do not appear to be indicators of mine
impacts (i.e., no correlation to elevated selenium) As a result of this and the fact that these analytes
do not exceed enforceable standards, aluminum, iron, and manganese are not considered

COCs/COECs.

Because arsenic, cadmium, and selenium exceed enforceable benchmarks in multiple locations over
several sampling events, and because the Ba/lard BRA identified arsenic and selenium as preliminary
groundwater COCs (see Table 2-5), arsenic, cadmium, and selenium are considered COCs for

groundwater.

2.5 COCs/ROCS/COECs BY MEDIUM FOR FS

The final list of COCs/ROCs/COECs for evaluation in the FS was developed based on the

following criteria:

e Constituents (analytes) identified as risk drivers in the BRA — preliminary
COCs/ROCs/COECs (Section 2.3 and Tables 2-6 and 2-7)
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e Analytes that exceeded regulatory benchmarks — surface water and groundwater (Section
2.4 and Table 2-8)

Table 2-9 presents the final list of COC/ROCs/COECs in each Site medium. The
COCs/ROCs/COECs identified on Table 2-9 are used in the FS evaluations of each medium to

determine the most viable technologies for remediation.

Ballard Mine Feasibility Study Memo #1 Page 2-14
May 2016



Table 2-1

Summary of Tier Il RME Ballard Site Cumulative Risk Estimates for Human Receptors

Current/Future Native American

Hypothetical Future Resident

Current/Future Seasonal Rancher

Current/Future Recreational Hunter &
Current/Future Recreational Camper/Hiker

ILCR ? |Risk Drivers b| HI® |Risk Drivers °| ILCR? |Risk Drivers b| HI® |Risk Drivers °| ILCR? |Risk Drivers b| HI® |Risk Drivers ®| ILCR® |Risk Drivers b| HI® |Risk Drivers "
Upland Soil
Site-Related 4E-05 As 1 -- 4E-05 As 1 -- 1E-05 As 0.6 -- <1E-06 - <1 -
Background 1E-05 As 0.2 -- 1E-05 As 0.2 -- 3E-06 As 0.08 -- <1E-06 - <1 -
Incremental 3E-05 As 1 -- 3E-05 As 1 -- 8E-06 As 0.5 -- <1E-06 - <1 -
Riparian Soil
Site-Related 1E-05 As 0.9 --
Background 8E-06 As 0.2 --
Incremental 3E-06 As 0.7 --
Culturally Significant Plant - Upland Soil®
As, Cd, Co,
Site-Related 2E-03 As 169 Mn, Sb, Se,
T, U
As, Cd, Co,
Background 6E-03 As 135 Mn. Sb, TI, U
Incremental -- - 149 |Cd, Sb, Se, U
Culturally Significant Plant - Riparian Soil®
As, Cd, Co,
Site-Related 5E-03 As 221 Mn, Mo, Ni,
Sb, Se, TI, V
As, Co, Mn,
Background 4E-03 As 142 Ni. Sb, TI, V
As, Cd, Mo,
Incremental 1E-03 As 93 Ni. Se., TI, V
Aquatic Plant - Sediment®
. As, Cd, Mn,
Site-Related 6E-04 As 82 Mo, Se, Zn
Background 2E-04 As 4 Cd
Incremental 4E-04 As 77 As, Cd, Se
Fruits and Vegetables - Upland Soil and Groundwater®®"
i As, Cd, Mo,
Site-Related 2E-03 As 94 Sb, Se, Tl
As, Cd, Co,
Background 6E-03 As 152 Mn, Mo, Ni,
Sb, Se, T, V
Incremental -- - 46 Mo, Se, Tl
Surface Water”
Site-Related 2E-06 As 0.01 -
Background 1E-07 -- 0.0006 -
Incremental 2E-06 As 0.009 -
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Table 2-1
Summary of Tier Il RME Ballard Site Cumulative Risk Estimates for Human Receptors

Current/Future Recreational Hunter &

Current/Future Native American Hypothetical Future Resident Current/Future Seasonal Rancher Current/Future Recreational Camper/Hiker

ILCR ? |Risk Drivers b| HI® |RiskDriversb ILCR ? |Risk Drivers b| HI® |RiskDriversb ILCR ? |Risk Drivers b| HI® |RiskDriversb ILCR? Risknrivers"| HI® |RiskDriversh

Groundwater®

Site-Related 3E-04 As 7 As, Se, Tl 6E-05 As 2 -

Background 2E-05 As 1 - 4E-06 As 0.01 -

Incremental 3E-04 As 6 As, Se 5E-05 As 2 -
Cattle - Upland Soil and Surface Water®9

Site-Related 2E-04 As 44 | As, Co, Se, Tl

Background 5E-05 As 1 Co, Tl

Incremental 1E-04 As 34 Se, Tl
Cattle - Upland Soil and Groundwater®?

Site-Related 2E-04 As 44 | As, Co, Se, Tl

Background 5E-05 As 1 Co, Tl

Incremental 1E-04 As 34 Se, Tl
Site-Related Cumulative Risk 5E-03 223 3E-03 103 3E-04 46 7E-7/1E-6 0.03/0.04
Background Cumulative Risk 6E-03 142 6E-03 153 6E-05 11 3E-7/4E-7 0.005/0.006
Incremental Cumulative Risk 1E-03 150 3E-04 54 2E-04 36 4E-7/6E-7 0.03/0.03
Notes:

* Media-specific cumulative ILCR and HI for all COPCs following the Tier | risk assessment.

bAnalytes with a chemical-specific Incremental Tier Il RME ILCR or HQ greater than the USEPA's risk management range and/or IDEQ's acceptable risk criteria are
listed as media-specific risk drivers.

° All media-specific COPCs were evaluated for the indirect pathways in addition to direct exposure pathways (i.e., ingestion, inhalation, and dermal contact)
except sediment COPCs, which were evaluated through the indirect uptake to aquatic culturally significant plant pathway only. The indirect exposure route -
ingestion of elk tissue - was not evaluated in the Tier Il risk assessment due to the absence of excess Tier | risk or hazard.

 Dissolved concentration of metals in surface water was used in human health risk and hazard calculations for all analytes except for selenium, where the
total surface water concentration was used.

° Total concentration of metals in groundwater was used in human health risk and hazard calculations for all analytes.

' The indirect exposure route - ingestion of fruits and vegetables grown in upland soil and irrigated with groundwater - was evaluated for all soil and
groundwater COPCs. For an analyte that was a COPC in soil only, the measured non-culturally significant plant concentration, when available, was used to
represent the fruits and vegetables concentration. If an analyte was a COPCs in groundwater, the fruits and vegetables exposure concentration was equal to
the modeled concentration from groundwater plus either the measured non-culturally significant plant concentration when available, or the modeled
concentration from soil. Fruit and vegetable COPCs from resulting from elevated measured metals concentrations plant tissue are indicated as COPCs in
upland soil as well as in measured plants.

9The indirect exposure route - ingestion of cattle grazed on upland pasture - was evaluated with either surface or groundwater ingestion. Excess human
health risk due to arsenic in cattle tissue resulted from both pasture and livestock drinking water.

Bold indicates exceedance of the USEPA's risk management range and/or IDEQ's acceptable risk criteria. Key:

ICOPC - Chemical of Potential Concern As - arsenic Se - selenium
HI - Hazard Index Cd - cadmium TI - thallium
HQ - Hazard Quotient Co - cobalt U - uranium
IDEQ - Idaho Department of Environmental Quality Mn - manganese V- vanadium
ILCR - Incremental lifetime cancer risk Ni - nickel Zn - zinc
RME - reasonable maximum exposure Rn - radon

USEPA - United States Environmental Protection Agency
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Table 2-2
Summary of Tier | Ballard Site Radiological Risk Estimates for Human Receptors

Current/Future Native Hypothetical Future Current/Future Seasonal

Current/Future Recreational

Current/Future Recreational

American Resident Rancher Hunter Camper/Hiker
ILCR? | Risk Drivers°|  ILCR® | Risk Drivers°|  ILCR® | Risk Drivers°|  ILCR® | Risk Drivers°|  ILCR® | Risk Drivers °

Upland Soil

Site-Related 12E-02 | Ra226 | 29E03 | Ra226 | 54E04 | Ra226 | 23E-04 | Ra226 | 14E04 | Ra226
Indoor Air

Site-Related | | 1901 | Rn222 | | | | | |
Surface Water

Site-Related 6.6E-07 | - | | | 37606 | Ra226 | 22607 | - | |
Site-Related Cumulative Risk 1E02 | | 2601 | | 5E-04 | |  2E-04 | |  1E-04 |

Notes:

® Media-specific cumulative ILCR for all ROCs.

° Analytes with a radionuclide-specific Incremental Tier | ILCR greater than the USEPA's risk management range and/or IDEQ's acceptable risk criteria are listed as media-specific risk drivers.

Bold indicates exceedance of the USEPA's risk management range and/or IDEQ's acceptable risk criteria.
IDEQ - Idaho Department of Environmental Quality

ILCR - Incremental lifetime cancer risk

USEPA - United States Environmental Protection Agency

Key:

Ra-226 - radium-226
Rn-222 - radon-222
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Table 2-3

Tier | Ballard Site and Background Radiological Risk Calculation for a Hypothetical Future Resident
Based on Total Uranium Concentration, Measured Gamma Count/Predicted Radium-226 and Radon-222 Flux Data

Media-Specific

2l e Background Media-Specific Site Total Site | Background Cancer Risk L]
. . . . Background
) ) Cancer Risk Estimate |Cancer Risk Estimate Cancer Risk
Soil Air Soil Air Total Soil  Indoor Air Soil Indoor Air Soil Indoor Air
Radionuclide EPC EPC EPC EPC PRG ° PRG ° ILCR ILCR ILCR
Radiological Risks Based on Concentrations Modeled from Total Uranium ?
Uranium, Total (mg/kg) 87.1 NA NA NA NA NA NA NA NA NA NA NA
Uranium-238 (pCi/g) 29.2 NA NA NA NA NA NA NA NA NA NA NA
Radium-226 (pCi/g) 29.2 NA NA NA 1.0E-02 NA 2.9E-03 NA 2.9E-03 NC NA NC
Radon-222 (pCi/m°) NA 36,554 NA NA NA 1.95E-01 NA 1.9E-01 1.9E-01 NA NC NC
Cumulative ILCR: 3E-03 2E-01 2E-01 NC NC NC
Radiological Risks Based on Concentrations Derived in the On-Site and Background Areas Radiological and Soil Investigation Summary Report P
Radium-226 (pCi/g) 82.4 NA 27.2 NA 1.0E-02 NA 8.0E-03 NA 8.0E-03 2.7E-03 NA 2.7E-03
Radon-222 (pCi/m®) NA 15,600 NA 12,700 NA 1.95E-01 NA 8.0E-02 8.0E-02 NA 6.5E-02 6.5E-02
Cumulative ILCR: 8E-03 8E-02 9E-02 3E-03 7E-02 7E-02
IDEQ Point-of-departure: 10° 10°
USEPA Risk Range:| 10°-10* 10°-10*

Notes:

The total uranium exposure point concentration (EPC) is based on the maximum detected concentration in Ballard Mine upland soil samples. Based on comments received during the
development of the risk assessment work plan, measured total uranium concentrations were assumed to be representative of uranium-238 and radium-226 activity concentrations. As a result,
he total uranium EPC (mg/kg) was converted to uranium-238 and radium-226 EPCs (pCi/g) with a conversion factor of 0.742/2.21 pCi/g/mg/kg. Approximately 1.25 pCi/L radon-222 is expected

in indoor air when there is 1 pCi/g of radium-226 in soil. As a result, the radium-226 EPC (pCi/g) was converted to an indoor air radon-222 EPC (pCi/m®) with a conversion factor of 1250 pCi/m®

air per pCi/g soil.

P Maximum radium-226 soil concentration modeled from the maximum gamma count result at the Ballard Mine and in background areas, and a linear regression between colocated gamma
count data and radium-226 measurements. Maximum radon-222 indoor air concentration modeled from the maximum radon flux measurement at the Ballard Mine and in background areas.

Based on the residential Preliminary Remediation Goals (PRGSs) for radium-226+D and radon-222+D calculated using the online PRG calculator for radionuclides.

Bold indicates ILCR estimates above USEPA's risk management range or IDEQ's point of departure

EPC - exposure point concentration

IDEQ - Idaho Department of Environmental Quality

ILCR - incremental lifetime cancer risk

NA - not applicable
NC - not calculated
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Table 2-4
Ecological Risk Drivers for the Tier Il Evaluation at Ballard Site and Background Locations
Long-Tailed American American . Great Blue Northern
Vole Elk Goldfinch Deer Mouse Raccoon Robin Mallard Mink Coyote Heron Harrier
NOAEL-Based Ecological Ha ard Estimates
Site - Related:
Hazard Range <0.1-91 -- <0.1 - 44 <0.1 - 47 <0.1-1.2 <0.1 - 16 <0.1 -85 <0.1 - 96 <01-14 | <01-90 | <01-13
. . . Cd Cr Cu
Cr Mo Ni Sb Cd Cr Mo Ni Cd Cr Cu Ni .
. . a _
Risk Drivers Se TI Cr Mo Se V Sh Se Tl Se Se V 7n Se V Mo Ni Sb Se Mo Cd Se V Se
TI UV Zn
Background:
Hazard Range <0.1-26 -- <01-20| <01-43|<01-017] <01 -13 (<01-012| <01 -25 |<01-024]|<01-039(|<01-0.21
Mn Mo Se . Cr Cu Ni Sb
. . a . . . _— . .
Risk Drivers I \Y Cd Mo Ni TI Cd Vv Se Tl
LOAEL-Based Ecological Ha ard Estimates
Site - Related:
Hazard Range <0.1 - 90 -- <0.1 - 34 <0.1 - 46 <0.1-1.2 <0.1 - 13 <0.1-6.7 <01-94 (<01-076] <01-71] <01-11
) . . Cd Cr Cu
Risk Drivers ® Cr Mo Ni Se _ Cr se V Cd Cr Mo Ni Se Cd Cr Ni Se Se Mo Ni Sb Se B Se v Se
TI Se TI V Zn
TI V Zn
Background:
Hazard Range <0.1-15 -- <01-16 | <0.1-22 |<0.1-0.031|<01 -0.96 (<01 -0.096| <0.1 - 29 |<0.1 -0.080|<0.1-0.34(<0.1-0.18
Cr Cu Ni Sb
. . a . . . . . _— _— _—
Risk Drivers Mn Se Cd Se TI
Notes:
® Risk drivers are analytes for which an analyte-specific greater than the USEPA's and IDEQ's acceptable criterion of one was calculated.
Sh - antimony
-- - not applicable Cd - cadmium Se - selenium
IDEQ - Idaho Department of Environmental Quality Cr - chromium TI - thallium
LOAEL - lowest observed adverse effects level Cu - copper U - uranium
NOAEL - no observed adverse effects level Mo - molybdenum V- vanadium
USEPA - United States Environmental Protection Agency Ni - nickel Zn - zinc
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Livestock Risk Drivers for the Tier | and Tier Il Evaluations at Ballard Site and Background Locations

Table 2-5

Tier | NOAEL-Based

Tier II-NOAEL-Based

Tier Il LOAEL-Based

Site - Related:

Hazard Range <0.001 - 20 0.32 - 2.5 0.32 - 2.5
Risk Drivers ® Mo Se TI Se Se
Background:

Hazard Range <0.001 - 0.70 0.031 - 0.063 0.0031 - 0.036

Risk Drivers #

Notes:
a

of one were calculated.

Bold indicates exceedance of the USEPA's risk management range and/or IDEQ's acceptable risk criteria.

-- - not applicable

IDEQ - Idaho Department of Environmental Quality

LOAEL - lowest observed adverse effects level
NOAEL - no observed adverse effects level
USEPA - United States Environmental Protection Agency

Risk drivers are analytes for which an analyte-specific greater than the USEPA's and IDEQ's acceptable criterion

Mo - molybdenum
Se - selenium
Tl - thallium
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Table 2-6
Summary of Preliminary Human Health Contaminants/Radionuclides of Concern based on the
Ballard Site BRA

Indirect Exposure
Culturally Significant Plants Fruits and Vegetables Cattle

Measured | .. . |Measured Measured
Upland Riparian Riparian | Sediment Upland [ Ground- Upland | Surface | Ground-

. . Upland )
Plant Soil Plant Soil water Plant Soil | Water | water

Direct Exposure

Upland | Riparian | Surface | Ground{ Upland

COC/ROC Soil Soil Water® | water® |  Soil

Aluminum

Antimony X

Arsenic X X X X X X X X X

Barium

Beryllium

Boron

Cadmium X X X X X

Chromium

Cobalt

Copper

Fluoride

Iron

Lead

Manganese

Mercury

Molybdenum X X X X

Nickel X

Radium-226 X X

Radon-222 X

Selenium X X X X X X X X X X

Silver

Thallium X X X© X X

Uranium X X

Vanadium X

Zinc

Notes:
X - preliminary COC/ROC. Analytes with a chemical-specific incremental Tier Il RME ILCR or HQ greater than USEPA's risk management range (ILCR>1E-
06 and HQ>1) and/or IDEQ's acceptable risk criteria (LE-05 and HQ>1) for any human receptor are listed as a preliminary COC/ROC.

Dissolved concentration of metals in surface water was used in human health risk and hazard calculations for all analytes except for selenium, where the
total surface water concentration was used.

® Total concentration of metals in groundwater was used in human health risk and hazard calculations for all analytes.
° Not Considered a preliminary COC in the FS based on 1 event exceedance in one well (MMW20)

d Uranium is identified as a COC based on the modeled plant tissue concentration only, because uranium was not detected in culturally significant plant
tissue samples. If the maximum detection limit is used, uranium is not a COC for culturally significant upland plants.

COC - contaminant of concern

NOAEL - no observed adverse effects level
IDEQ - Idaho Department of Environmental Quality
FS - Feasibility Study

BRA - Baseline Risk Assessment

HHRA - Human Health Risk Assessment

HQ - Hazard Quotient

ILCR - Incremental lifetime cancer risk

RME - reasonable maximum exposure

ROC - radionuclide of concern

USEPA - U. S. Environmental Protection Agency
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Table 2-7
Summary of Preliminary Contaminants of Ecological Concern based on the
Ballard Site BRA

COEC Upland Soil Riparian Soil Surface Water ° Sediment

Aluminum
Antimony X x° X
Arsenic
Barium
Beryllium
Boron
Cadmium X X X
Chromium X X
Cobalt
Copper X X X
Fluoride
Iron
Lead
Manganese
Mercury
Molybdenum X X X
Nickel X X
Selenium X X X X
Silver
Thallium X X X
Uranium
VVanadium X X X
Zinc X

Notes:

X - Preliminary COEC. Analytes with a chemical-specific Tier Il NOAEL-based cumulative effects ecological hazard
greater than USEPA's and IDEQ's acceptable hazard criterion of 1 for any ecological receptor are listed as a COEC.

a - . . . . .
Dissolved concentration of metals in surface water was used in ecological hazard calculations for all analytes except
for selenium, where the total surface water concentration was used.

® Not considered a COEC in FS based on background detections.

COEC - contaminant of ecological concern

FS - Feasibility Study

NOAEL - no observed adverse effects level

IDEQ - Idaho Department of Environmental Quality

USEPA - U. S. Environmental Protection Agency
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Table 2-8
Summary of Surface Water and Groundwater Analytes Exceeding Benchmarks
Ballard Site
Analyte Surface Water® Standard Groundwater® Standard
Aluminum X NRWQC
Antimony
Arsenic X IDAPA 58.01.02 X MCL
Barium
Boron
Cadmium X IDAPA 58.01.02 X MCL
Chromium
Cobalt
Copper X IDAPA 58.01.02
Iron X NRWQC
Manganese X NRWQC
Molybdenum
Nickel X IDAPA 58.01.02
Selenium X IDAPA 58.01.02 X MCL
Sulfate
Silver
TDS
Thallium
Uranium
Vanadium
Zinc
Notes:
X - analyte exceeds surface water/groundwater standard.
% Dissolved concentration of metals in surface water was used in the benchmark evaluation as
specified in the standard for all analytes except for selenium, where the total surface water
concentration was used as specified in the standard.
® Total concentration of metals in groundwater was used in benchmark evaluation for all analytes.
IDAPA 58.01.02 - State of Idaho Surface Water Quality for Aquatic Life (IDAPA 58.01.02); CCC or
Water & Organisms (IDEQ, 2013)
MCL - USEPA primary Maximum Contaminant Level, National Drinking Water Regulations
NRWQC - National Recommended Water Quality Criteria (USEPA, 2013); Freshwater Standards for
Chronic Criteria (CCC)

Page 1 of 1



Table 2-9
Final Summary of Contaminants/Radionuclides of Concern and Contaminants of Ecological

Concern
Ballard Site

COC/ROC/COEC | Upland Soil |Riparian Soil| Sediment® SV‘\‘,:taeie Groundwater
Aluminum

Antimony x4 xP

Arsenic X© X© X° X¢ X°
Barium
"Beryllium
"Boron
llcadmium X X X X® X°
llchromium x° x°
"Cobalt
"Copper XP xP XP
"Fluoride
"Iron
"Lead
"Manganese
"Mercury
"Molybdenum x¢ x¢ xP
[[Nickel X X
[[Radium-226 X

Radon-222 X

Selenium x¢ x¢ x¢ x° X°
Silver

Sulfate

TDS

Thallium x4 x¢ xP

Uranium X

Vanadium xP x¢ x°

zinc x°

Notes:

#As sediment and riparian soil are adjacent and contiguous throughout the Site, a combined
sediment-riparian soil COC/COEC list is used during the evaluation of remedial technologies as
discussed in Section 4.0.

® X - Identified as a COEC

¢ X - Identified as a COC/ROC
4 X - Identified as a COC and COEC
¢ X - Identified as COC/COEC based on benchmarks

COC - contaminant of concern
COEC - contaminant of ecological concern
ROC - radionuclide of concern
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Riparian Veg Conc i : MST094 Riparian Veg Conc VE-0-C(5) <0.5UT
VE-0-C(5) 6.7T MDS033 I 1 VE-1-C(5)QA-awy[ <0.5 U, T Surface Water Conc
Sediment Conc 1 Surface Water Conc Sediment Conc MST270 <0.001 I\\
SE0 470 J- i mMDS032| ! MSGO07 0.01445 SD-001 20.6
Surface Water | Conc  MDS031 H ! SE-0 57 MST270
WIPEER 212 ! 1 MSPo12 1 Surface Water | Conc Riparian Soil Conc
MDS032 | / MSGoo'I:’, MSP062 MST095 : MST092 0.02636 RS001 a7
Riparian Soil Conc MST068 MDS030 1 1 MSG006 MSG007 MST092 RS-002 7.6
S5-0C() 162 q { I S$S-0-C(6) 6.6 J-
Riparian Veg Conc L) h : MST096 Riparian Veg Conc
VE-0-C(5) Mt : IIVISP011 } MST090 MST089 / VE-0-C(6) [<05UT
Sediment Conc 1 | H Sediment Conc
SE-0 1300 J- L I \1 Elo-vail 4.6 MST050
VDS032 077 MSG004 MSG005 Riparian Soil Conc Surface Water | Conc ]
S —— MST278 \F SS0-C(5) [ <05U,U3 MSTO089 0.01337
Riparian Soil Conc MSP059 Riparian Soil Conc VE-0-C(5) <0.5U,T
SS-0-C(5) 25.4 SS-1-C(5)QA-avg 16.8 Sediment Conc MST273
Riparian Veg Conc MSG008 Riparian Veg Conc SE-0 0.6 J,B -
VE-0-C(5) 4T 1 VE-1-C(5)QA-avg [0.933FJ,T Surface Water Conc
Surface Water Conc 1 Sediment Conc MST090 0.001 BALLARD
MSTO68 0.63 MSTO066 : SE-0 8.8 J- Ruﬁga(:ofon C;TZIC MINE
1 Surface Water Conc = .
Riparian Sof Conc : MSG005 0.00708 Riparian Soil Conc SFS:&ZS) 621‘]_
S$S-0-C(5) 3.5 ! So0:C(0) LS0B Riparian Veg Conc
Riparian Veg Conc : __ d Riparian Veg Conc VE-0-C(5) <0507 N
VE-0-C(5) 15T 1 Riparian Soil Conc VE-0-C(5) 2437 Sediment Conc Riparian Soil Conc
Sediment Conc 1 S_S-Q-C(ll) 6.3 J- Sediment Conc SD-001 15 RS-001 1.8
SE0O 83 - : Riparian Veg Conc SE-0 16.8 5= 1738 RS-002 1.9
Surface Water Conc 1 VE-0-C(11) 1.33,T Surface Water Conc Surtace Water Conc SS-0-C(5) 2.5J-B
MDS031 0.541 1 Sediment Conc MST096 0.04214 MST273 0.016 Riparian Veg Conc
Surface Water Conc 1 SE-0 29.4 J- VE-0-C(5) <05U,T
MDS030 MSG008 0.34 : Surface Water | Conc I - Sediment Conc
Riparian Soil Conc 1| [ Suriace Water Conc NMSG004 0.01901 Highest of Background or Screening Level SD-001 25
S0.C0) (02 MST278 0.122 Ripariain Soil  2.03  Upstream Surface Water 0.005 SI=0 24l
Riparian Veg Conc Riparian Soil Conc Riparian Soil Conc Riparian Veg 5 Downstream Surface Water 0.005 Surface Water | Conc 0 1000 2000
VE-0-C(5) 231 RS-001-avg 3.25 RS-001-1 30.4 Sediment 2 Ponds 0.005 MISUZT 2L
Seomen one RS 002 21 RS 002 100 m 2.5 Red concentration numbers indicate concentrations above screening and
SE-0 250 J- SS-0-C(5) 9.8 J- SS-0-C(5) 39 J- Riparian Soil Conc 1 Riparian Soil Conc Riparian Soil Conc Riparian Soil Conc : background levels 9 Feet
Surface Water Conc Riparian Veg Conc Riparian Veg Conc SS-0-C(5) 2.8 J-B : SS-0-C(7) 39 J- SS-0-C(5) 48 J- SS-0-C(5) 20.5
MDS030 0.701 VE-0-C(5) <0.5U,T VE-0-C(5) 0.6J,T Riparian Veg Conc 1/| Riparian Veg Conc Riparian Veg Conc Riparian Veg Conc B Analyte detected in an associated blank
Sediment Conc Sediment Conc VE-0-C(5) 31T 1 VE-0-C(7) 16T VE-0-C(5) 85T VE-0-C(5) 32T
SD-001-avg 5.15 SD-001-1 167 J-,B Sediment Conc : Sediment Conc Sediment Conc Sediment Conc T Analyte was positively identified but the reported concentration is estimated; MST272
SE-0 3.2J-B SE-0 82 J- SE-0 420 J- |h SE-0 49 J- SE-1-Q-ayg 66.11 SE-0 58 J- reported concentration is less than the reporting limit, but greater than the
Surface Water Conc Surface Water Conc Surface Water Conc Surface Water Conc Surface Water Conc Surface Water Conc method detection limit.
MSTO%e 0.0232 MSToeT 0331 MSTo09 L1 MSPOs9 0.0% MSpoi 00511 MSPoe2 9.002 J+ Data are estimated due to associated quality control data. Potential high bias.
- - - - ) . ) . Surface Water Conc
1) For riparian soil, veg, and sediment: 2004 and 2010 data. o ) J Data are estimated due to associated quality control data. Bias unknown. —— MST279 0.00174
LAND OWNERSHIP Average concentrations of duplicates or triplicates shown. Mine pit location Riparian Soil Cone
- i (approx.) J- Data are estimated due to associated quality control data. Potential low bias. SSOCE) || 05U
L .1 P4 Property Boundary Il 2) For surface water: 2004-2012 data. Average concentrations Riparian Veg Cone
[ other Private Land are reported and equal the average of detected concentrations, Waste rock pile location U The analyte was analyzed for, but was not detected above the level of the VE0-C7) | <05U7T
if all results are ND, the maximum MDL is shown. (approx.) reported sample quantitation limit. Surface Water Conc MST279
Bureau of Land Management o ] ) ) ) ) VST 5.0003
@ M W H ] U.S. Forest Service 3) Sample IDs above are shortened versions of the 2004 and 2010 Surface water and riparian Riparian soil, vegetation, and sediment concentrations reported in mg/kg
field IDs. For example, MSPO011 riparian soil ID SS-0-C(5) is : ) (milligrams per kilogram) \
[ stae the same as SSMSP011-0-C(5). media sample location Average surface water concentrations reported in mg/L (milligrams per liter) MST088
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NOTES:

1. Average Concentration (Avg) = Average
of detected concentrations. If all results
are ND, the maximum RL is shown.

2. Selenium concentrations reported in
milligrams per liter (mg/L)

Background 0.00278
Screening level 0.05

ﬂ Mine pit location
(approximate)
ﬂ Waste rock pile location

(approximate)

Direct push alluvial
aquifer well

%

Agricultural, domestic
or production well

Local aquifer monitoring well
(generally alluvial system)

Intermediate aquifer monitoring
well (generally Dinwoody Fm.)

+ # @

_q;_ Regional aquifer monitoring well
(Wells Fm.)
1.0100  Red concentration numbers
indicate concentrations above
screening and background levels

ND Not detected
RL Reporting limit
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A _ MWDO082 < v \ SPRINGS AND HEADWATER STREAMS WHERE APPROPRIATE.
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MINE PIT

BEDROCK (TYPICALLY WELLS
OR DINWOODY FORMATIONS)

PRECIPITATION
(1)

4)

INFILTRATION AND
PERCOLATION

EVAPORATION
(2) PLANT TRANSPIRATION

@)

(A&B) EXTERNAL
WASTE ROCK DUMP RUNOFF
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(A ORC)

K=10(cm/s)

K=10*(cm/s)
T —

K=10"(cm/s) AVERAGE
(7

DUMP SEEPAGE

*%*

*k%

ALLUVIUM,COLLUVIUM OR

WEATHERED BEDROCK HORIZON

SPRING

STREAM

HYDROLOGICAL PROCESSES (WITH EXAMPLE FLUXES)

PRECIPITATION = 2.4 GPM/ACRE BASED ON 23.64 INCHES/YEAR AVERAGE

NOT TO SCALE

GEOCHEMICAL/BIOLOGICAL PROCESSES

A. LEACHING OF SOLUBLE SELENIUM

EVAPOTRANSPIRATION = ESTIMATED TO BE 1.2 TO 1.7 GPM/ACRE OR 50 TO 70% QF TOTAL B. OXIDATION OF SULFIDES
PRECIPITATION (COMBINED EVAPOTRANSPIRATION) C. BIOLOGICAL REDUCTION OF SELENIUM AND ADSORPTION AND PRECIPITATION
3. RUNOFF = ESTIMATED TO BE 0.24 TO 0.48 GPM/ACRE OR 10 TQ 20% OF TOTAL
PRECIPITATION (BASED ON SLOPES FROM 2-33%) WASTE ROCK DUMP LOCATIONS
4. INFILTRATION = ESTIMATED TO BE 0.36 TO Q.72 GPM/ACRE OR 15 OR 30% OF TOTAL
PRECIPITATION MWDO80,MWDO81,MWDO83,MWDO84 MWD082
5. SEEPAGE = ESTIMATED TO BE 0.32 TO 0.65 GPM/ACRE BASED ON ASSUMED 10X HIGHER K
COMPARED TO UNDERLYING UNIT WELL LOCATIONS
6. INFILTRATION TO ALLUVIUM = 0.04 TO 0.07 GPM/ACRE
7. INFILTRATION TO BEDROCK = 0.004 TO 0.007 GPM/ACRE * ALLUVIAL — MMWO17,MW—15AMW—16AMBW WELLS
(RATES ESTIMATED BASED ON MODELING AND ASSUMPTIONS) i WEATHERED DINWQQODY — MMWO18,MMW029,MMW032
¥+ DEEP DINWOQODY — MMWO33
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1. PRECIPITATION = 2.4 GPM/ACRE BASED ON 23.64 INCHES/YEAR A. LEACHING OF SOLUBLE SELENIUM
AVERAGE B. OXIDATION OF SULFIDES
2. EVAPOTRANSPIRATION = ESTIMATED TO BE 1.2 TO 1.7 GPM/ACRE OR C. BIOLOGICAL REDUCTION OF SELENIUM AND ADSORPTION AND/OR PRECIPITATION
50 TO 70% OF TOTAL PRECIPITATION (COMBINED EVAPORTRANSPIRATION)
3. RUNOFF = ESTIMATED TO BE 0.24 TO 0.48 GPM/ACRE OR 10 TQ 20%
OF TOTAL PRECIPITATION(BASED ON SLOPES FROM 2-33%)
4. INFILTRATION = ESTIMATED TO BE 0.36 TO Q.72 GPM/ACRE OR 15 OR
30% OF TOTAL PRECIPITATION
5. INFILTRATION TO BEDROCK = 0.004 TO 0.007 GPM/ACRE
(GROUNDWATER IN PIT MAY BE PERCHED)
(RATES ESTIMATED BASED ON MODELING AND ASSUMPTIONS)
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3 REMEDIAL ACTION OBJECTIVES, ARARS, GENERAL RESPONSE
ACTIONS, AND PRELIMINARY CLEANUP LEVELS

3.1 INTRODUCTION

This section provides the supporting information and rationale for development of ARARs, RAOs
and GRAs. These items were initially identified in the P4 Sites RI/FS Work Plan in order to assist
with data gap evaluation. These preliminary ARARs, RAOs, and GRAs were further evaluated
based on the findings of the Ballard Mine RI Report in order to support evaluation of technologies
and alternatives in this FS. The final list of GRAs are presented in this section. The ARARs and
RAOs presented are preliminary and will be finalized in the ROD that will be prepared for the Site.
Preliminary cleanup levels that will serve as the foundation for meeting RAOs in each medium are

also provided herein.

3.2 REVIEW OF THE ARARs BASED ON RI FINDINGS
3.2.1 CERCLA Provision Requiring Remedial Actions to Meet ARARs

The requirement for identifying and meeting ARARs is established by CERCLA Section 121
(d)(2)(A), which states the following:

“With respect to any hazardous substance, pollutant or contaminant that will remain on-site, if — (i) any
standard, requirement, criteria, or limitation under any Federal environmental law”. ..... ”; or (ii) any
promulgated standard, requirement, or limitation under a State environmental or siting law that is more
stringent than any Federal standard, requirement, criteria, or limitation...... “and that has been identified”
...... “in a timely manner, is legally applicable to the hazardous substance or pollutant or contaminant
concerned or is relevant and appropriate under the circumstances of the release or threatened release of such
hazardous substance or pollutant or contaminant, the remedial action selected ... shall require, at the
completion of the remedial action, a level or standard of control for such hazardous substance or pollutant or
contaminant which at least attains such legally applicable or relevant or appropriate standard, requirement,
criteria, or limitation.”

CERCLA also exempts certain substantive standards from classification as ARARs, for example
standards that are not of general applicability or have not been consistently applied in other similar

circumstances (USEPA, 1988b).

3.2.2 Evaluation of Site-Specific ARARs

ARARs are substantive requirements that are either directly applicable or relevant and appropriate to
actions or conditions at the Site. A requirement is applicable if it is legally binding to a site condition

and directly addresses the contaminants, locations or actions involved in the RA.
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A requirement may be relevant and appropriate if circumstances at the Site are similar to the

problems or situations intended to be addressed by the requirement.

ARARs do not include administrative requirements that facilitate the implementation of the
substantive requirements of a statute or regulation. Examples of administrative requirements are

approvals, consultations with administrative bodies, and agency exemption or variance processes.

As discussed in the NCP preamble at 55 FR 8741 (March 8, 1990), ARARs fall into three categories.
o Chemical-Specific. These are health- or risk-based criteria that define permissible
concentrations of chemicals for various environmental media.

o Action-Specific: These requirements specify how a specific RA must be conducted or the
performance criteria it must achieve.

o [ ocation-Specific: These requirements may mandate or restrict particular actions solely due
to site location, even if the same actions are acceptable elsewhere.

The federal and state chemical-specific ARARs identified for the Site are presented in Tables 3-1
and 3-2, respectively. The chemical-specific ARARs generally are used to define concentration

limits for particular constituents in environmental media.

The location- and action-specific ARARs presented in Tables 3-3 and 3-4 are for federal and state
sources, respectively. Location- and action-specific ARARs are considered together for federal and

state laws because some of these potential ARARs may be both location- and action-specific.

3.3 REMEDIAL ACTION OBJECTIVES

Remedial action objectives (RAOs) are medium-specific or area-specific goals within a Site for
protection of human health and the environment (USEPA, 1988a). The NCP specifies that RAOs
be developed to address 1) contaminants of concern, 2) media of concern, 3) potential exposure
pathways, and 4) preliminary remediation levels or goals. The development of these goals for the
Ballard Site involves the evaluation of the results of the Ballard Mine RI Report including the BRA and
the identification and application of ARARs. The medium-specific RAOs are presented in

Table 3-5. Ballard FS Memo #2 will assemble GRAs and remedial technologies into remedial

alternatives that strive to meet these RAOs.
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3.4 GENERAL RESPONSE ACTIONS

GRAs describe those actions that will satisfy the RAOs listed in Table 3-5. GRAs may include
treatment, containment, excavation, extraction, disposal, institutional controls, or a combination of
these to reduce or eliminate contaminant pathways at the Site and protect ecological and human
receptors by limiting exposure. Like RAOs, GRAs are medium-specific and include the following

general responses:
e No Action
e Institutional Controls
e Containment
e Removal/Disposal
e Ex-situ Treatment

e In-situ Treatment

Potential remedial technologies that satisfy these GRAs are similar for several media (e.g., for upland
soil and for sediment) because they are general classes of responses. However, the specific remedial
technologies or process options to be utilized for Site remediation will vary depending on the
medium to be treated and the site-specific/area-specific conditions. This process of identification
and selection of treatment/containment areas and volumes and the appropriate remedial
technologies that satisfy general response actions are discussed in more detail for each medium in

Section 4.0.

3.5 PRELIMINARY CLEANUP LEVELS BY MEDIUM

Contaminants of concern for human, ecological, and livestock receptors
(COCs/ROCs/COECs/LCOCs) are identified in Section 2.5 and are based on the BRA findings
presented in Appendix A of the Ballard Mine RI Report. Section 3.3 discussed the development of
RAOs and Table 3-5 identifies the RAOs specifically developed for protection of human health and

the environment at the Ballard Site.

This subsection describes the development of Site-specific preliminary cleanup levels (PCLs) for the
complete list of COCs/ROCs/COECs/LCOCs identified in solid media (i.e., upland soils, riparian

soils, and sediment) at the Ballard Site that will be necessary to achieve the RAOs so that acceptable
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risk levels are attained through the Site remediation. In addition to PCLs for solid media, published
performance targets for vegetation to be used for monitoring the effectiveness of the remedy for

upland soils/waste rock ate provided in this subsection.

The list of COCs/ROCs/COECs/LCOC:s in solid media and their PCLs will be further refined
during the FS (or remedial design [RD]) process so that a reduced number of indicator constituents
can be used during any potential future RAs that are necessary at the Site. (Ultimately, the PCLs
presented herein will be established as cleanup levels in the ROD.) These indicator
COCs/ROCs/COECs/LCOCs will ensure that when their cleanup levels are reached, the other

constituents also would be remediated.

Please note that Site-specific cleanup levels were not developed for groundwater or surface water
because the cleanup levels for these media default to ARARs (e.g., MCLs and other applicable
standards) as shown in Table 3-6. Vegetation is a secondary medium and vegetation targets
discussed in this subsection are not equivalent to PCLs but, as noted above, these performance
targets may be used to help evaluate the efficacy of the RA for primary media (soils and sediments),

as discussed in Section 4.0.

PCLs for solid media (i.e., upland soil, riparian soil, and sediment) were developed in general
accordance with CERCLA guidance on development of remediation goals (USEPA, 1997) and are
listed in Table 3-7. These PCLs are based on Site-specific, risk-based cleanup levels (RBCLs) that
are protective of human, ecological, and livestock receptors and were developed using A/T-
approved 2013 background values for the various solid media (MWH, 2013), and the updated 2014
background values for upland soil (MWH, 2015a). Site-specific RBCLs were calculated for soil and
sediment media using the same human, ecological, and livestock receptors; exposure pathways; and
exposure assumptions that were used during the evaluations in the Ba/lard BRA included in the
Ballard Mine RI Report. Site-specific RBCLs were calculated for each COC/ROC/COEC/LCOC
identified in the BRA based on a target cancer risk of 1 x 10,1 x 10, and 1 x 10 for human

receptors, and a non-cancer HQ of 1.0 for human, ecological, and livestock receptors.

Background values, human health RBCLs, ecological RBCLs, livestock RBCLs and the PCLs for the
complete list of COCs/ROCs/COECs/LCOCs in solid media are summatized in Table 3-7.

Consistent with the Ballard BRA, measured plant data were used to calculate RBCLs where available.
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The methods and assumptions used to calculate RBCLs are described in greater detail in Appendix
A. As noted in this table, the recent pooled 2009 and 2014 background values for upland soil are
included and are based on the 95-95 upper tolerance limit (UTL) as specified in the Background and
Radiological Soils Report. The 95% upper simultaneous limit (USL) was selected as the background
statistic for all other media at the Sites, as documented in the Background Levels Tech Memo. This
statistic will still be used for Site media other than upland soils including riparian soils, sediment,

groundwater, and surface water.

Index plots showing the background dataset and select summary statistics, as well as the Ballard Site
data, were prepared at the request of the A/Ts following their review of the initial draft of this
memorandum (i.e., Draft Ballard Mine Feasibility Study Report — Memorandum 1- Rev 0) and are included

as an attachment to Appendix A.

Each PCL for soil or sediment is set as the most conservative RBCL developed for human,
ecological, or livestock receptors unless the background concentration is greater, in which case the
background level becomes the PCL. For example, the PCL for antimony in upland soil is 3.60
mg/kg, which is the background antimony concentration. Antimony’s background concentration is
greater than either the human health RBCL (0.247 mg/kg) or ecological RBCL (0.703 mg/kg)
presented in Table 3-7. Because cleanup levels are based on either background or the most
conservative RBCL that was developed for each COC/ROC/COEC/LCOC, they are protective of

any current or future human or ecological receptors at the Ballard Site.

During the collection of on-Site soil samples in 2009 and all background soil samples, five random
discrete soil samples were collected and composited to represent a single point. Similarly, during
remedial construction, whether defining the limits of contamination or verifying an area has been
remediated in upland soil/waste rock areas, P4 will compare each 5-point composite sample directly
to the PCLs (which are typically derived from the background 95-95 UTL as shown in Table 3-7) to
make an “exceeds” or “does not exceed” determination. A sample result exceeding the PCL may be
evaluated by further analysis of individual discrete samples comprising the composite sample for

hotspot verification sampling and/or further remedial efforts.

In riparian soil and sediment areas, PCLs also will be used where necessary to determine the extent
of contamination during remedial construction and whether portions of the Ballard Site have been

sufficiently remediated. As the background-based PCLs for both riparian soil and sediment are
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based on the 95% USL, 5-point composite samples also will be directly compared to PCLs provided
in Table 3-7 to make an “exceeds” or “does not exceed” determination and to evaluate whether

additional verification sampling or further remedial efforts are necessary.

As mentioned above, concentrations of COCs/ROCs/COECs/LCOCs in vegetation will be
addressed through cleanup of primary media, and published performance targets may be used to
evaluate the effectiveness of this RA. Proposed vegetation targets for use at the Ballard Site are
presented in Table 3-8. The most likely consumers of vegetation at the Ballard Site are grazing
animals, including elk or cattle. More literature exists regarding mineral tolerance levels in livestock
than in wildlife and, therefore, the ranges of toxic dietary concentrations published by Puls (1994)
and Mackowiak et al (2004), as well as the recommended performance targets for the P4 Sites (i.e.,
NRC Maximum Tolerable Levels), that are presented in Table 3-6 are for livestock (i.e., cattle,

horses, and sheep) in most cases.
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The following table presents a list of requirements tentatively identified by P4 Production, L.L.C. (*P4”) as potential Applicable or Relevant and Appropriate Requirements (“ARARs”) for the Ballard Mine Site pursuant to an

BALLARD MINE SITE: POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

Administrative Settlement Agreement and Order on Consent for Performance of Remedial Investigation and Feasibility Study at the Enoch, Henry, and Ballard Mine Sites in Southeastern Idaho dated September 28, 2009. P4
anticipates that this list of potential ARARs will be used in preparing the Feasibility Study for the Ballard Mine, including for the development of preliminary remediation goals and for use as threshold criteria against which
remedial alternatives will be evaluated. P4 acknowledges that the following list of potential ARARs are not binding and that final ARARs will be developed by EPA and set forth in the Record of Decision for use as

performance standards for the remedial design and remedial action.

Statutes and regulations, and their citations, included in the tables included below are provided as headings to identify general categories of potential ARARs for the convenience of the reader. Listing the statutes and
regulations does not indicate acceptance of the entire statute or regulation as potential ARARS; rather only the substantive provisions of the requirements cited in these tables are potential ARARS.

Table 3-1: Federal Chemical Specific ARARs for the Ballard Site

Statutes, Regulations,
Standards, or Requirements

Citations or References

General Description

Site-Specific Comments

Determination

1 National Primary Drinking
Water Regulations

40 C.F.R. Part 141

Establishes health-based standards (maximum contaminant
levels (MCLs) and maximum contaminant level goals
(MCLGs)) for public water systems.

Potentially relevant and appropriate if groundwater beneath
the Site is used to supply public water systems.
COCs/COECs and proposed groundwater cleanup levels are
provide in Table 3-6.

Potentially relevant
and appropriate

2 | Water Quality Standards?

33 U.S.C. § 1314(a)
40 C.F.R. Part 131

Section 304 of the federal Clean Water Act (33 U.S.C. §
1314) requires that individual states establish water quality
standards for surface waters. The implementing regulation
establishes the Ambient Water Quality Criteria, which are
the minimum requirements for state water quality standards
that are protective of aquatic life. Under CERCLA, water
quality criteria for the protection of aquatic life are
considered relevant and appropriate for actions that involve
surface waters or groundwater discharges to surface waters.
The federal water quality standards are developed for states
to use in development of water quality criteria that
incorporate designated uses for specific surface water bodies.
The State of Idaho has adopted the federal water quality
criteria. Where numeric state water quality standards have
not been promulgated, federal numeric water quality
standards are considered relevant and appropriate standards.

Federal Ambient Water Quality Criteria have been
established for short-term exposures (acute criteria) and for
long-term exposures (chronic criteria) for protection of
aquatic biota.

The State of Idaho has adopted the federal water quality
criteria. Where numeric state water quality standards have
not been promulgated, federal numeric water quality
standards are considered applicable. COCs/COECs and
proposed surface water cleanup levels are provide in Table
3-6.

Applicable

3 Resource Conservation and
Recovery Act

40 C.F.R. § 261.4(b)(7)

EPA exempts mining wastes from the extraction,
beneficiation, and some processing of ores and minerals, in
accordance with the Bevill amendment to RCRA.

Waste rock at the Site may meet this exemption.

Applicable

! National Recommended Water Quality Criteria are available at http://www.epa.gov/ost/criteria/wqctable/.




Table 3-1: Federal Chemical Specific ARARs for the Ballard Site

Statutes, Regulations,
Standards, or Requirements

Citations or References

General Description

Site-Specific Comments

Determination

40 C.F.R. §261.20

Generators of solid waste must determine whether the waste
is hazardous. A solid waste is hazardous if it exhibits the
toxicity characteristic (based on extraction procedure Method
1311).

Potentially applicable depending on the selected remedy.

Applicable

5 Uranium Mill Tailings
Radiation Control Act
(UMTRCA)—

Health and Environmental
Protection Standards for
Uranium and Thorium Mill
Tailings

42 U.S.C. 88 7901 et seq.
40 C.F.R. Part 192.02 (a)

Control of residual radioactive materials and their listed
constituents will be designed to be effective for at least 200
years.

Potentially relevant and appropriate remedial design criteria
for the naturally occurring uranium and daughter products at
the Ballard Mine.

Potentially relevant
and appropriate




Table 3-2: State Chemical Specific ARARs for the Ballard Site

Statutes, Regulations,
Standards, or Requirements

Citations or References

General Description

Site-Specific Comments

Determination

Idaho Water Quality Standards | IDAPA 58.01.02 Surface water quality standards and waste water treatment Water quality standards are potentially applicable for Applicable
requirements, including: water quality criteria for aquatic life | surface waters on-Site or affected by the selected remedy.
use designations (.250), designations of surface waters found | COCs/COECSs and proposed surface water cleanup levels
within Blackfoot Basin (.150), general surface water quality | are provide in Table 3-6.
criteria (.200), antidegredation policy (.051), and mixing
zone policy (.060).
Idaho Ground Water Quality IDAPA 58.01.11.200 Protects groundwater for beneficial uses including potable Applicable to groundwater at the Site. COCs/COECs and Applicable
Rule water supplies, establishes use classifications, and establishes | proposed groundwater cleanup levels are provide in Table
water quality criteria for ground water. 3-6.
Idaho Rules for Public IDAPA 58.01.08 Regulates quality and safety of public drinking water. Potentially applicable if any of the Site water is a public Potentially
Drinking Water Systems drinking water source; otherwise, substantive requirements | applicable and/or
would likely be relevant and appropriate. relevant and
appropriate
Rules and Standards for IDAPA 58.01.05 Rules and standards for hazardous waste. Identifies Potentially relevant and appropriate if hazardous waste is Potentially relevant
Hazardous Waste characteristic and listed hazardous wastes and provides rules | identified or generated during implementation of the and appropriate
for hazardous waste permits. selected remedy.
Rules for the Control of Air IDAPA 58.01.01 Rules providing for the control of air pollution in Idaho. Potentially applicable depending on the selected remedy. Potentially
Pollution (including IDAPA 58.01.01.650 applicable

and .651)




Table 3-3: Federal Location and Action Specific ARARSs for the Ballard Site

Statutes, Regulations, Citations or References General Description Site-Specific Comments Determination Location or
Standards, or Action
Requirements Specific
Mineral Leasing Act 30 U.S.C. 8§ 181 et seq. Regulates leasing, mining, processing and Provisions regarding reclamation and mineral Applicable Action,
43 C.F.R. Parts 3500and reclamation of federally-owned phosphate deposits. development are potentially applicable; other Location
3590 provisions may be relevant and appropriate.
Federal Land Policy and 43 U.S.C. 88 1732 et seq. Prevents unnecessary or undue degradation of public | Provisions regarding multiple use and unnecessary | Applicable Action,
Management Act . lands by operations authorized by the mining laws. or undue degradation are applicable to the extraction Location
Establishes public land policy and guidelines for the | of minerals; other provisions may be relevant and
administration of public lands; provides for the appropriate.
management, use, occupancy, and development of
public lands.
U.S. Bureau of Land Available online at To sustain the health, diversity, and productivity of Should be considered due to BLM’s ownership of TBC Action,
Management Record of https://eplanning.blm. the public lands. The plan provides objectives, land | the mineral rights. Location
Decision and Pocatello gov/epl-front-office/ use allocations, and management direction to
Resource Management Plan | projects/nepa/32803/ maintain, improve or restore resource conditions and
(April 2012), as amended 38812/40712/RODandSIR provide for the economic needs of local communities
Sept. 21, 2015 _508.pdf over the long term. The plan applies to BLM-
managed public lands and split estate lands where
minerals are federally owned in southeast Idaho.
Mine and Reclamation Operation plans that are approved subsequent to Should be considered during remedial action, TBC Action,
Plans issuing the lease at a time after mining is proposed. especially if the remedy involves ore recovery. Location
Establish mine plans and reclamation requirements.
Fish and Wildlife 16 U.S.C. § 661 et seq. Requires that federal agencies involved in actions Potentially applicable if remedial actions affect Applicable Location
Coordination Act that will result in control or modification of any natural streams and water bodies; the selected
natural stream or water body must protect fish and remedy must be designed and implemented to be
wildlife resources that may be affected by the actions. | protective of fish and wildlife.
Endangered Species Act 16 U.S.C. 88 1531 et seq. Federal Agencies are prohibited from jeopardizing May be applicable if on-Site activities may Applicable Location
50 C.F.R. Part 402 threatened and endangered species or adversely jeopardize threatened or endangered species or (habitat),
modifying habitats essential to their survival. adversely modify their habitat. Action
Requires consultation with the Service charged with (species)
protection of the listed species.
Migratory Bird Treaty Act | 16 U.S.C. 88 703 et seq. Prohibits persons from pursuing, hunting, taking, Remedial action at the Site must be designed and Applicable Action

(MBTA)

capturing, killing, attempting to take, capture or Kill,
possessing, offering for sale, selling, offering to
purchase, purchasing, delivering for shipment,
shipping, causing to be shipped, delivering for
transportation, transporting, causing to be
transported, carrying, or causing to be carried by any
means whatever, receiving for shipment,
transportation or carriage, or exporting migratory
birds covered by the MBTA or any part, nest, or egg
of any such bird.

implemented to avoid harm to migratory birds.




Table 3-3: Federal Location and Action Specific ARARSs for the Ballard Site

Statutes, Regulations, Citations or References General Description Site-Specific Comments Determination Location or
Standards, or Action
Requirements Specific
8 Bald and Golden Eagle 16 U.S.C. 88 668 et seq. Prohibits any person from knowingly, or with wanton | Remedial action at the Site must be designed and Applicable Location,
Protection Act 50 C.F.R. Part 22 disregard, selling, offering to sell, taking, implemented to avoid harm to bald or golden eagles, Action
purchasing, transferring, bartering, exporting, their nests, or eggs.
importing, or possessing or harming a bald or golden
eagle, or any part, nest, or egg thereof without
obtaining a permit.
9 Clean Water Act 40 C.F.R.§125.3 Requirements for best treatment and control May be relevant and appropriate if water treatment | Potentially relevantand | Action
technology prior to discharge. is used as part of the selected remedy. appropriate
10 33 U.S.C. § 1342 The NPDES (also known as Section 402 of the May be relevant and appropriate if the selected Potentially relevant and | Action
40 C.F.R. Parts 122-125 CWA) program establishes a comprehensive remedy involves discharges from a water treatment | appropriate
framework for addressing waste water and storm plant.
water discharges under the program. Requires that
point-source discharges not cause the exceedance of
surface water quality standards outside the mixing
zone. Specifies requirements under 40 C.F.R. §
122.26 for point-source discharge of storm water
from construction sites to surface water and provides
for Best Management Practices such as erosion
control for removal and management of sediment to
prevent run-on and runoff.
11 33U.S.C. 81344 Requirements for dredging and filling activities May be relevant and appropriate if the selected Potentially relevant and | Location,
conducted in waters of the U.S., including wetlands remedy involves dredging or filling in waters of the | appropriate Action
(also known as Section 404 of the CWA). U.S.
12 Clean Air Act 42 U.S.C. 88 7409 et seq. Requirements for maintaining air quality. Potentially applicable depending on the selected Potentially applicable Action
40 C.F.R. Part 50 remedy.
13 National Historic 54 USC 306108 A requirement for a property listed on or eligible for | May be applicable if historic or archeological sites Potentially applicable Location

Preservation Act (NHPA)

36 C.F.R. Parts 60, 63 and
800

listing on the National Register of Historic Places.
The NHPA requires federally funded projects to
identify and mitigate impacts of project activities on
properties listed on or eligible for listing on the
National Register.

This statute and implementing regulations require
federal agencies to take into account the effect of this
response action upon any district, site, building,
structure, or object that is listed on or eligible for
listing on the National Register of Historic Places
(generally, 50 years old or older).

If cultural resources listed on or eligible for listing on
the National Register are present, it will be necessary
to determine if there will be an adverse effect and, if

are found within Site boundaries or on land to be
disturbed in connection with the selected remedy
(e.g., borrow areas).




Table 3-3: Federal Location and Action Specific ARARSs for the Ballard Site

Statutes, Regulations, Citations or References General Description Site-Specific Comments Determination Location or
Standards, or Action
Requirements Specific
so, how the effect may be minimized or mitigated, in
consultation with the appropriate State Historic
Preservation Office.
14 Archeological and Historic The Archaeological and Historic Preservation Act May be applicable if archeological resources are Potentially applicable Location
Preservation Act 52 USC 312501 et seq. requires that for federally approved projects that may | identified.
cause irreparable loss to significant scientific,
prehistoric, historic, or archaeological data, the data
must be preserved by the agency undertaking the
project or the agency undertaking the project may
request DOI to do so.
This statute and implementing regulations establish
requirements for the evaluation and preservation of
historical and archaeological data, which may be
destroyed through alteration of terrain as a result of a
federal construction project or a federally licensed
activity or program.
15 Native American Graves 25 U.S.C. 88 3001 et seq. Requires federal agencies and institutions that receive | May be potentially relevant and appropriate if Potentially relevant and | Location
Protection and Repatriation federal funding to return Native American cultural cultural items are identified. appropriate
Act (NAGPRA) items to lineal descendants and culturally affiliated
Indian tribes. NAGPRA also establishes procedures
for the inadvertent discovery or planned excavation
of Native American cultural items on federal or tribal
lands.
16 RCRA— 42 U.S.C. 88 6901 et seq. Requirements for handling and transporting Potentially relevant and appropriate depending on Potentially relevant and | Action
Requirements for 40 C.F.R. Parts 261-262 hazardous waste. selected remedy. appropriate
Hazardous Waste Transport
17 RCRA - Requirements for | 40 C.F.R. Part 257 Requirements for solid waste disposal facilities and Potentially relevant and appropriate depending on Potentially relevant and
Classification of Solid practices, such as restrictions to the base flow of a selected remedy. appropriate
Waste Disposal Facilities flood plain, not taking threatened and endangered
species, and not causing a discharge to navigable
waters.
18 Considering Wetlands at OSWER 9280.03, May 1994 | EPA guidance regarding the potential impacts of May be helpful if Site remediation contains TBC Action

CERCLA Sites

response actions on wetlands at Superfund sites.

wetlands.




Table 3-4: State Location and Action Specific ARARs for the Ballard Site

Statutes, Regulations, Citations or References General Description Site-Specific Comments Determination Location or
Standards, or Action
Requirements Specific
Protection of Birds Idaho Code Ann. § 36-1102 Prohibits the “take” or intentional disturbance or | Potentially applicable during remedial action. Potentially applicable | Action
destruction of eggs or nests of any “game, song,
rodent Killing, insectivorous or other innocent
bird.” The prohibition does not apply to English
Sparrows or starlings.
Non-point Source IDAPA 58.01.02.350 Regulates non-point source discharges, May be applicable if the selected remedy results | Potentially applicable | Action
Discharges designates approved BMPs and provides in non-point source discharges.
additional protection for outstanding resource
waters.
Point Source Discharges IDAPA 58.01.02.400-.401 Provides limits and restrictions including May be applicable if the selected remedy results | Potentially applicable | Action
possible limits on temperature and flow rates for | in point source discharges.
point source discharges.
Storage of Hazardous and | IDAPA 58.01.02.800 Prohibits the storage, disposal or accumulation May be relevant and appropriate if the remedial | Potentially relevant and | Action
Deleterious Materials of hazardous and deleterious materials “adjacent | action results in the storage of hazardous and appropriate
to or in the immediate vicinity of state waters” deleterious materials near state waters.
without adequate measures and controls to insure
the materials will not enter state waters.
Well Construction IDAPA 37.03.09 Regulates well construction and abandonment. May be applicable if the selected remedy Potentially applicable | Action
Standard Rules includes additional wells.
Best Management IDAPA 20.03.02.140 Provides BMP and reclamation standards for May be applicable depending on the selected Potentially applicable | Action
Practices and Reclamation surface mining operations, including sand and remedy. BMPs may also be relevant and and/or relevant and
for Surface Mining gravel mining. appropriate to remediation activities (i.e. grading, | appropriate
Operations re-contouring, and revegetation).
Idaho Water Quality IDAPA 58.01.02 Requirements for actions involving effluent May be applicable if water treatment is part of Potentially applicable | Action
Standards and Wastewater discharges to surface water. the selected remedy.
Treatment Requirements
Solid Waste Management | IDAPA 58.01.06 Provides substantive requirements for operation | Only material uniquely associated with Potentially relevant and | Action
Rules and closure of solid waste management facilities. | phosphate mining is being addressed in the appropriate
remediation so these requirements are not
applicable because the Site is not a solid waste
management facility. See IDAPA
58.01.06.001.03(b)(iv). Some requirements may
be relevant and appropriate with regard to
regulated solid waste generated during the
remedial action.
Hazardous Waste and IDAPA 58.01.05 Adopts federal RCRA regulations concerning Potentially applicable for management of Potentially applicable | Action

Hazardous Waste
Management Act of 1983

1993 Session Law, Ch. 291, Sections 1-8

the identification of hazardous waste and
standards applicable to generators and
transporters of hazardous waste as well as

investigation derived wastes and remediation
wastes.




Table 3-4: State Location and Action Specific ARARs for the Ballard Site

Statutes, Regulations, Citations or References General Description Site-Specific Comments Determination Location or
Standards, or Action
Requirements Specific
standards for owners and operators of hazardous
waste treatment, storage and disposal facilities.
10 | Fences in General (LEAS) | Idaho Code §8 35-101 to -112 Establishes construction requirements, such as May be applicable if fencing is required to Potentially applicable | Action
height and distance between posts, for all types | protect components of the selected remedy (e.g.,
of fences. Defines who is responsible for a cover system).
construction and maintenance of enclosure and
partition fences.
11 | Idaho Rules for Control of | IDAPA 58.01.01.650-651 Provides practices for controlling fugitive dust May be applicable during remedial action if Potentially applicable | Action
Fugitive Dust emissions, including use of water or chemicals, | construction practices generate fugitive dust.
application of dust suppressant, and covering
trucks.
12 | lIdaho Toxic Air Pollutants | IDAPA 58.01.01.585-586 Requirements for maintaining air quality (none | Potentially applicable depending on the selected | Potentially applicable | Action
currently nor will they be likely associated with | remedy.
any remedial action).
13 | Preservation of Historical | Idaho Code 88 67-4111 to -4131 and 67- | Requirements for protection of public lands and | Requirements may be applicable if historical or | Potentially applicable Location
Sites 4601 to -4619 preservation of historical or archaeological sites | archeological sites are present and/or may be
in consideration of waste disposal. disturbed during the remedial action.
14 | Stream Channel Alteration | IDAPA 37.03.07.055 Provides substantive construction standards for | Potentially applicable depending on selected Potentially applicable | Action
Rules working in stream channels. remedy; however, procedural requirements are
not ARAR.
15 | Idaho Classification and IDAPA 13.01.06.300 Classifies fish and wildlife species; identifies To be considered during ecological risk TBC Location
Protection of Wildlife threatened or endangered species; and specifies | assessment.
Rule wildlife species that are protected from taking
and possessing.
16 | Idaho Uniform Idaho Code §855-3001 to -3015 Allows recordation of an environmental Applicable Action
Environmental Covenants covenant, which is a written agreement where
Act the parties bind themselves, and their successors
in interest to the land, to comply with activity
and use limitations.
17 | IDEQ Area Wide Risk IDEQ (2004a) Recommends removal action goals for May be taken into consideration in developing TBC Action
Management Plan addressing releases and impacts from historical | removal action goals.
phosphate mining operations in southeast ldaho.
18 | Variances from water IDAPA 58.01.02.260 Establishes procedures and requirements for Potentially applicable if Site-specific variances Potentially applicable | Action
quality standards obtaining a water quality variance. are proposed for a particular location or source.
19 | Idaho Risk Evaluation IDEQ (2004b) Provides guidelines and criteria to apply in risk- | Framework for decision making should be TBC Action

Manual

Available online at
https://www.deq.idaho.gov/media/967298-
risk_evaluation_manual_2004.pdf

based decision making.

considered in developing human and
environmental risk-based cleanup levels




TABLE 3-5
REMEDIAL ACTION OBJECTIVES FOR THE BALLARD SITE

Environmental Medium Potential Receptor Remedial Action Objectives
Mine Waste Rock and Upland Human Health Prevent or reduce human exposure via all potential exposure pathways (external gamma radiation, inhalation of radon in
Soils potential future buildings, incidental ingestion, dermal contact, fugitive dust inhalation, and uptake by plants, wild game, and

livestock) associated with waste rock and upland soils that are contaminated with COCs/ROCs exceeding the agreed-upon
cleanup levels to achieve acceptable human health risk levels, assuming current or reasonably anticipated future land use,
wherever practicable.

Prevent or reduce release and migration of COCs/ROCs from waste rock and upland soils to groundwater and surface water
resulting in concentrations exceeding the higher of ARARs or site-specific background levels, wherever practicable.

Environment Prevent or reduce exposure via all potential exposure pathways (ingestion, uptake by plants) associated with waste rock and
upland soils that are contaminated with COECs exceeding the agreed-upon cleanup levels to achieve acceptable ecological
risk levels, wherever practicable.

Prevent or reduce release and migration of COECs from waste rock and upland soils to surface water at concentrations
exceeding ARARs, or site-specific background levels if ARARs are more stringent than background, wherever practicable.

In-Stream Sediments and Human Health Prevent or reduce human exposure via all potential exposure pathways (uptake by plants) associated with sediments and
Riparian Overbank Deposits riparian overbank deposits contaminated with COCs exceeding the agreed-upon cleanup levels to achieve acceptable human
health risk levels, assuming current or reasonably anticipated future land use, wherever practicable.

Environment Prevent or reduce exposure via all potential pathways (ingestion, uptake by plants) associated with sediments and riparian
overbank deposits that are contaminated with COECs exceeding the agreed-upon cleanup levels to achieve acceptable
ecological risk levels, wherever practicable.

Vegetation Human Health Prevent or reduce exposure via all potential exposure pathways (ingestion) associated with vegetation contaminated with
COCs exceeding performance targets to achieve acceptable human health risk levels, assuming current or reasonably
anticipated future land use, wherever practicable.

Environment Prevent or reduce exposure via all potential exposure pathways (ingestion) associated with vegetation contaminated with
COECs exceeding performance targets to achieve acceptable ecological risk levels, wherever practicable.

Surface Water in Streams and Human Health Prevent or reduce exposure via all potential exposure pathways (ingestion, dermal contact, uptake by plants, wild game, and
Ponds livestock) associated with surface water that is contaminated with COCs exceeding the higher of ARARS or site-specific
background levels, assuming current or reasonably anticipated future land use, wherever practicable.

Environment Prevent or reduce exposure via all potential exposure pathways (ingestion, uptake by plants) associated with surface water
exceeding the higher of ARARs for COECs or site-specific background levels wherever practicable.

Groundwater Human Health Prevent or reduce exposure via all potential exposure pathways (ingestion, washing/bathing, irrigation of plants, livestock
watering) associated with groundwater contaminated with COCs exceeding the higher of ARARSs, or site-specific background
levels, assuming current or reasonably anticipated future land use, wherever practicable.




TABLE 3-5
REMEDIAL ACTION OBJECTIVES FOR THE BALLARD SITE

Environmental Medium

Potential Receptor

Remedial Action Objectives

Groundwater (continued)

Human Health (continued)

Prevent or reduce further migration of the contaminant plume exceeding the higher of ARARSs for COCs, or site-specific
background levels, assuming current or reasonably anticipated future land use, wherever practicable.

Restore groundwater that has been impacted by the Site to meet the higher of ARARs for COCs, or site-specific background
levels, assuming current or reasonably anticipated future land use, wherever practicable.

Environment

Prevent or reduce discharge of groundwater to surface waters at concentrations exceeding the higher of surface water
ARARs for COCs, or site-specific background levels, wherever practicable.




Table 3-6
Proposed Surface Water and Groundwater Cleanup Levels

Current Pending
Background Proposed ARAR
Concentration® | Cleanup Level

Media
COC/COEC

Surface Water”

Arsenic 0.00109 0.01 IDAPA 58.01.02

Cadmium 0.00010 0.0006 IDAPA 58.01.02

Selenium 0.000772 0.005 IDAPA 58.01.02
Groundwater®

Arsenic 0.00103 0.01 MCL

Cadmium 0.000401 0.005 MCL

Selenium 0.00278 0.05 MCL
Notes:

All concentrations are milligrams per liter (mg/l).

@ Background concentration is equal to the 95% USL of background

b State of Idaho Surface Water Quality for Aquatic Life (IDAPA
58.01.02); CCC or Water & Organisms (IDEQ, 2013a)

¢ USEPA MCL, National Primary Drinking Water Regulations

ARAR - applicable, relevant, and appropriate requirement
CCC - criterion continuous concentration

MCL - primary maximum contaminant level

NC - not calculated

USL - upper simultaneous limit
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Table 3-7
Proposed Soil and Sediment Cleanup Levels
Cumulative Human Health RBCL ? Cumulative Ecological RBCL ? Livestock RBCL ®
Primary Media Background Current_IFuture Hypothetical| Current/Future Current/Future Current/lfuture American American Lo_ng- Northern . Great Blue Proposed
b Native Future Seasonal . Recreational | Deer Mouse . . Tailed . Coyote Elk Mink Mallard Raccoon Beef Cattle c
COC/ROC/COEC/LCOC| Value R . Camper/Hiker Robin Goldfinch Harrier Heron PCL
American Resident Rancher Hunter Vole
Upland Soil
Antimony 3.60 0.247 0.247 28.1 2,912 3,425 0.703 NA NA 3.15 NA 34.2 6,943 -- - - - -- 3.60
Arsenic 15.6 1.31 1.26 11.2 2,074 3,104 -- -- -- -- - -- -- -- - - -- - 15.6
Cadmium 41.0 8.99 14.8 81.4 8,861 10,801 1.28 3.00 38.2 38.2 290 503 63,265 -- - - - - 41.0
Chromium 410 - -- -- -- -- 86.3 74.3 90.4 247 728 2,114 440,862 -- - -- -- -- 410
Copper 51.9 -- -- -- - -- 110 74.5 88.7 195 2,052 7,198 317,302 -- - - - - 74.5
Molybdenum 29.0 31.0 2.62 61.5 59,092 78,011 1.37 25.3 13.0 0.895 50.0 14.1 1,398 -- - - -- - 29.0
Nickel 220 -- -- -- -- -- 20.7 77.5 197 112 2,489 1,489 189,385 - - - - - 220
Radium-226 15.1 0.244 0.244 5.41 20.8 13.0 -- - - -- - - - -- - - - - 15.1
Selenium 29.0 1.23 3.61 42.4 47,017 58,280 0.864 2.70 1.30 0.605 72.1 92.8 946 -- - -- -- 25 29.0
Thallium 1.10 0.404 0.0440 0.0345 118 156 0.0400 3.78 6.07 0.0884 36.26 1.30 142 -- - - -- - 1.10
Uranium 36.0 0.439 65.8 275 7,087 9,348 -- -- -- -- -- -- -- -- -- -- -- -- 36.0
Vanadium 300 - -- -- -- -- 552 20.6 12.1 483 249 5,696 877,540 -- - -- -- -- 300
Zinc 1,200 -- -- -- -- -- 1,028 729 1,426 2,562 100,200 134,182 d -- - - - - 1,200
Riparian Soil °
Arsenic 5.93 0.110 -- -- -- -- -- -- -- -- - -- -- -- - - - - 5.93
Cadmium 5.02 7.24 -- -- - -- -- - - -- - - - 8.66 8.74 - 181 - 7.24
Chromium 43.3 - -- -- -- -- -- -- -- -- - -- -- 26.1 238 -- 2,461 - 43.3
Copper 24.3 - -- -- -- -- -- - -- -- - - - 9.90 220 - 4,410 - 24.3
Molybdenum 0.653 3.23 -- -- -- -- -- -- -- -- - -- -- 0.495 56.3 - 53.4 - 0.653
Nickel 29.6 13.9 -- -- - -- -- - - - - - - 11.6 206 - 960 - 29.6
Selenium 2.03 15.5 -- -- -- -- -- -- -- -- - -- -- 0.110 17.0 -- 105 -- 2.03
Thallium 0.483 0.00734 -- -- - -- -- -- - -- - - - 0.0373 10.0 - 2.09 -- 0.483
Vanadium 57.9 3.63 -- -- -- -- -- -- -- -- - -- -- 81.5 204 - 7,916 - 57.9
Sediment ©
Antimony 5.00" -- -- -- -- -- -- -- -- -- -- -- -- 0.123 NA NA 25.8 -- 5.00
Arsenic 455" 2.33 - - - - - - - - - - - - - - - - 4.55
Cadmium 4.17 0.828 -- -- - -- -- - - -- - - - 1.73 81.5 486 1,013 - 4.17
Copper 255" - -- -- -- -- -- -- -- -- - -- -- 0.831 352 3,595 11,233 - 25.5
Molybdenum <0.5 - -- -- -- -- -- - -- -- -- -- -- 0.541 55.9 226 88.0 - 0.541
Selenium 1.48 4.70 -- -- -- -- -- -- -- -- - -- -- 0.212 8.89 16.8 42.6 -- 1.48
Thallium 0.378 - -- -- -- -- -- - -- -- -- -- -- 0.00770 5.53 24.1 1.68 - 0.378
Vanadium 49.1 - -- -- -- -- -- -- -- -- - -- - 206 113 285 7,707 - 113
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Table 3-7
Proposed Soil and Sediment Cleanup Levels

Notes:

All concentrations are in units of milligrams per kilogram (mg/kg) with the exception of radium-226, which are in picoCuries per gram (pCi/g).
Bold values indicates the lowest, most conservative human health, ecological, or livestock receptor RBCL

a The Human Health RBCL for arsenic and radium-226 are based on a target cancer risk of 1x10-4; all other human, ecologoical and livestock RBCLs are based on a target hazard quotient of 1. The 1x10-5 and 1x10-6 cancer risks can be determined by dividing the 1x10-4 RBCL by 10 and 100,
respectively.

b The 95-95 UTL was selected as the proposed background level for upland soils collected in 2009 and 2014. The 95% USL was selected as the proposed background level for sediment and riparian soil datasets collected in 2004 and 2010.
¢ The PCL is equal to the greater of the background concentration or the most conservative human health, ecological, or livestock RBCL.

d Concentration exceeds 1,000,000 milligrams per kilogram - adverse health effects are negligble

¢ The evaluation of remedial alternatives for riparian soil and sediment are combined in Section 4.0 of this FS because it is likely that these media will have the same selected remedy as they are adjacent and contiguous. Potential future remedial activities in the sediment/riparian corridors at the Site
likely will have to consider a single, unified cleanup list of cleanup levels for these media because of their proximity.

f The 95% USL was selected as the proposed background level for sediment and riparian soil datasets containing five or more detections. When a dataset contained fewer than five detections, the maximum detected concentration was proposed as the background level. If there were no detected results
in a dataset, the maximum detection limit for non-detects was proposed as the background level.

-- not applicable; the analyte was not a COC/ROC/COEC/LCOC in that medium.
COC - contaminant of concern

COEC - contaminant of ecological concern

LCOC - livestock contaminant of concern

ROC - radionculide of concern

PCL - Proposed Cleanup Level

RBCL - risk-based cleanup level

USL - upper simultaneous limit

UTL - upper thresold limit
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Table 3-8
Proposed Vegetation Performance Targets

COC - contaminant of concern
LCOC - livestock contaminant

ROC - radionculide of concern
na - not available

in the Ballard RI.

Ballard RI.

-- - source does not list this chemical
95% UCL - 95 percent upper confidence limit on the mean concentration

COEC - contaminant of ecological concern

of concern

¢ National Research Council, 2005. Mineral Tolerance of Animals.
f Not detected; value shown is maximum detection limit.

9 Value for livestock is not available; values shown are for rodents.
h Values for livestock were derived by the NRC (2005) using interspecies extrapolation.
i Toxic value is for young calves. Toxic doses in milligram per kilogram body weight are also published.

¢ Puls, 1994. Mineral Levels in Animal Health. All units in milligrams metal per kilogram diet.
d Mackowiak et al (2004). Uptake of selenium and other contaminant elements into plants and implications for grazing animals in southeast Idaho.
Ranges are based on a summary of data in Puls (1994); selenium ranges are based on data from additional sources as cited in Mackowiak et al, 2004.
Values are based on data from cattle, sheep, goats, and horses, taking in to account susceptibility due to age and the chemical form.

Ballard Site Background i i c Mackowiak NRC ©
Concentration * Concentration ° Diet Targets in Puls (1994) et al (2004) ¢ Maximum
Upland Soil Chronic Chronic Upper Tolerable
COC/ROC/COEC/LCOC| Maximum 95% UCL | Maximum 95% UCL Toxicity Acute Toxicity | Critical Intake Levels
Antimony 0.979" na 5.41 na - - - 70 - 150°
Arsenic 14.2 1.42 na na -- - -- 30"
Cadmium 4.54 1.55 1.95 0.461 50 - 500 2,000 - 3,000 50 - 500 10
Chromium 12.3 2.42 na na -- - 50 - >1,000 100"
Copper 17.7 6.01 na na 115-500' na 30 - >100 15 - 250
Molybdenum 425 18.3 8.91 2.09 10 - 203 na 10 - >200 5.0
Nickel 28.7 5.18 na na -- -- 700 - >1,000 50 - 100
Radium-226 na na na na -- -- -- --
Selenium 366 39.7 7.28 0.662 >5.0-20.0 > 80 5->20 5
Thallium 0.594 0.134 0.0257 0.0113 - -- - -
Uranium 0.679 0.125 0.162 na -- -- - 100°
Vanadium 7.06 0.925 na na -- -- -- 10 - 50
Zinc 250 59.6 na na > 5,000 na 500 - >2,000 300 - 500
Notes

All concentrations are in units of milligrams per kilograms (mg/kg) except for radium-226, which is an activity of picocuries per gram (pCi/g). Measured
concentrations and vegetation targets are in dry weight.
Gray highlighting indicates proposed vegetation targets.

a Results of samples collected from culturally significant and nonculturally significant upland vegetation at the Ballard Mine in 2004 and 2009, as reported

b Results of samples collected from culturally significant and nonculturally significant upland vegetation at the Ballard Mine in 2009, as reported in the




4 [IDENTIFICATION AND INITIAL SCREENING OF REMEDIAL
TECHNOLOGIES

This section identifies the GRAs that are specific to each affected medium at the Site, identifies the
remedial technologies and associated process options applicable to each media-specific GRA, and

screens each technology/process option based on technical implementability. In accordance with

the RI/FS Guidance, technologies refer to general categories, such as chemical treatment, thermal
destruction, immobilization, capping, or dewatering. Process options refer to specific processes
within each technology. For example, the chemical treatment technology for the groundwater

medium would include process options such as chemical precipitation and oxidation/reduction.

The following paragraphs present the identification and initial screening of the complete range of
remedial technologies/process options for each medium (upland soils/waste rock, vegetation,
surface water, sediment/riparian soil, and groundwater). The goal of this initial screening is to
eliminate those technology types and process options known to have minimal effectiveness for
remediation of the Site COCs/ROCs/COECs or are not feasible given the Site conditions (e.g., soil
types, depths of contamination, size of the Site, etc.). Technology types and process options also

were eliminated if they were not reasonably constructible, or were insufficiently proven.

4.1 REMEDIATION OF SITE VEGETATION
4.1.1 Basis for Remediation

The HHRA included in the BRA identifies unacceptable risks for upland vegetation and riparian
vegetation (including aquatic plants; see Table 2-1) under two human exposures scenarios;

current/ future Native American and hypothetical future resident. The unacceptable risks to
current/future Native Americans assume a complete exposure pathway by consumption of culturally
significant plants. The risk drivers for current/future Native Americans are the detected
concentrations of several metals in upland and riparian plant samples, or in the case of aquatic
plants, exposure modeled from concentrations of COPCs in sediment. The other unacceptable
human health risk is for a hypothetical future resident that ingests fruits and vegetables grown in
upland soil that is irrigated with Ballard Site groundwater. The detected concentrations of metals in

Site soil and groundwater are the risk drivers for the hypothetical future resident scenario.

The ERA included in the BRA also identified unacceptable risks to a variety of ecological receptors

based on exposure to metals in a combination of media including Site vegetation (see Table 2-2).
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Note that the ERA specifically did not account for potentially higher selenium concentrations that

may occur in hyperaccumulator plant species.

4.1.2 Vegetation Types

The vegetation at the Ballard Site is a combination of planted (shrub and trees) and seeded (e.g.,
alfalfa) vegetation, along with volunteer vegetation from the surrounding area. The vegetation types
based on an extensive 2009 investigation are summarized in Section 1.4.2 of this memorandum and
are detailed in Appendix A2 of the P4 Sites RI/FS Work Plan. Although the 2009 surveys did not
extend into the drainages that lead away from the mined areas, it is assumed that the vegetation

types in the drainages are similar to the types observed on the mined areas.

Due to the age of the mine, vegetation has developed over most of the mine area with the exception
of some mine pit areas, highwalls, and angle-of-repose slopes. The vegetative cover is relatively
dense in some areas and primarily consists of grass and forbs species. Other areas with less dense
vegetative cover possess a higher percentage of woody species. The vegetation cover at the Site was
altered in 2012 by a rangeland fire. The vegetation in portions of the Ballard Site, including parts of
MMP035, MWD080, MWD093, and MMP036, were burned.

Culturally Significant Plants. The BRA distinguishes between general plants and culturally
significant plants at the Site because consumption of culturally significant plants is a potentially
complete exposure pathway for current/future Native Americans. The culturally significant plants
that were specifically sampled in the upland areas in 2009 include chokecherry, quaking aspen, rocky
mountain juniper, and big/white sagebrush'. The composite 2004 vegetation sampling performed in
the riparian areas did not segregate culturally significant species from other species. For the riparian
areas, the BRA modeled exposures to culturally significant plants using the combined vegetation
sample data gathered in the riparian areas along with the COPC/COPEC concentrations in the

riparian soil.

4.1.3 Considerations for Evaluating Remedial Alternatives for Vegetation

As discussed above, the unacceptable human health risks identified in the BRA are specific to: 1)

current/ future Native American consumption of culturally significant plants, and 2) hypothetical

! The list of culturally significant plants used during the 2009 vegetation investigation will be compared to the Tribe’s
current list of culturally significant plants and any differences noted during the FS Process.
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future resident ingestion of fruits and vegetables grown in upland soil and irrigated with Site
groundwater. To address the risks posed by culturally significant plants, it is not practicable to
differentiate between culturally significant plants and non-culturally significant plants (or general
plants) when evaluating or selecting remedial alternatives. Culturally significant plants and general
plants grow together in both the upland and riparian areas and it would be difficult or impossible to
isolate the culturally significant plants for remediation in those areas. Furthermore, the distinction
between culturally significant plants and general plants is not relevant to the ecological and livestock
risks identified for the Site vegetation. With regards to hypothetical future residents, it would be
possible to use institutional controls to prevent the hypothetical exposure scenario. However,
evaluation of remedial alternatives for the existing culturally significant plants and the hypothetical
future vegetation is addressed with the primary media (e.g., upland soil, sediment) where the plants

currently or are expected to grow.

Vegetation is considered a “secondary medium” in that plants uptake COCs/COECs from “primary
media” such as soil, sediment, surface water and/or groundwater. As a secondary medium, the
vegetation would not trigger risk thresholds that require remediation unless it was growing in a
primary media that has sufficient COCs/COECs available for plant uptake. As a result, the selected
remedial alternatives to address the primary media also will address the unacceptable risks posed by
the vegetation. For example, a remedial alternative that includes construction of a cover system over
contaminated waste rock (i.e., capping the primary media) would require that large vegetation (i.e.,
trees) growing in the waste dumps be removed prior to placing the cap. Similarly, a remedial
alternative that includes Monitored Natural Attenuation (MNA), Monitored Natural Recovery
(MNR), or ICs for the primary media will have similar effectiveness for the vegetation growing in
the primary media. Itis generally believed that as these primary media are remediated, the
vegetation growing in the primary media would be replaced. However, as discussed in Section 3.5,
published vegetation performance targets will be used during the RA to evaluate the effectiveness of
the remedial alternative for primary media (i.e., upland soils/waste rock, riparian soils/sediment,
surface water and groundwater). In addition, vegetation to be planted to reclaim the surface of any
selected cover system would not include plant species that are considered selenium

hyperaccumulators.

The remainder of Ballard FS Memo #1 does not include evaluation of vegetation-specific remedial

technologies and alternatives. Instead, vegetation is included as a consideration in the remedial
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alternative evaluations presented for each primary media in the other sections of this FS. The
primary-media evaluations consider the effectiveness that the remedial alternatives will have in
remediating the vegetation growing in the primary media, and the long-term impacts that the

remedial alternative will have on vegetation.

4.2 REMEDIATION OF SITE UPLAND SOILS/WASTE ROCK

This section presents the initial screening of remedial technologies/process options that are
applicable to the upland soils/waste rock at the Ballard Site (see Drawing 2-1). The waste rock is
considered a source material for contaminants (COCs/ROCs/COECs) detected in other media at
the Site. The waste rock deposition areas (i.e., the waste rock dumps) also contain some sediments,
riparian soils, and vegetation, but remedial activities associated with the waste rock also will address
concerns with those media as further described in Sections 4.3 and 4.4. This section then deals
specifically with only upland soils and waste rock found in mine waste rock dumps throughout the
Site. On the Ballard Site, seasonal ponds exist within the waste rock areas. These ponds, which
form in depressions in the waste rock mined, will be addressed by the RAs associated with the waste
rock. For example, regrading to promote storm water flow will by default remove the depressions

containing the ponds.

4.2.1 Basis for Remediation

As presented in Section 2.1, upland soils at the Site have been impacted by historical mining
activities. The primary source for contamination at the Ballard Site is the waste rock that has been
placed in the various waste rock dumps and partially backfilled mine pits throughout the Ballard Site.
The human health risk assessment included in the BRA concluded that the cancer and non-cancer
risks posed to cutrent/future receptors by direct exposure to COCs in upland soil fall within the
acceptable risk range. However, the BRA concluded that there are unacceptable risks associated
with hypothetical future use conditions and potential current/future Native American consumption
of plants that grow in the Site upland soil (see Table 2-1). Unacceptable risks also were associated
with direct exposure to ROCs in upland soil for all receptors except the camper/hiker in a health-
protective Tier I (i.e., based on maximum detected Site concentrations rather than incremental risk

above background) risk evaluation (Table 2-2).

The ecological risk assessment included in the BRA also identified unacceptable risks to a variety of

ecological receptors based on exposure to metals in upland soil and other media at the Site (see
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Table 2-2). The livestock risk assessment included in the BRA also identified unacceptable risks to
livestock grazing in the Ballard Site area due to selenium concentrations (see Table 2-3). The
COCs/COECs that contribute to unacceptable risk, as shown in Table 2-7, are antimony, arsenic,

cadmium, chromium, copper, molybdenum, nickel, selenium, thallium, uranium, vanadium, and zinc.

As discussed in more detail in Section 4.1, vegetation is considered a “secondary medium” for the
purposes of evaluating remedial technologies because plants uptake COCs/COECs from “primary
media” such as upland soil. As a secondary medium, the vegetation would not trigger risk
thresholds that require remediation unless it was growing in a primary media that has sufficient
COCs/COECs available for plant uptake. The remedial technologies selected to address
unacceptable risks posed by the primary media also will address the unacceptable risks posed by the
vegetation. As such, vegetation also is included as a consideration in the overall effectiveness of the
evaluation of remedial technologies and subsequent remedial alternatives presented for upland

soils/waste rock and performance targets for vegetation are further discussed in Section 3.5.

4.2.2 Volumes and Areas of Impacted Soils/Waste Rock

Engineering estimates of the total volume of fill present at each of the open mine pits and waste
rock dumps have been developed based on review of RI data and available aerial images of facility
topography prior to mine development and after cessation of mining. These volume and area
estimates are presented in Table 4-1 and compare very well with material volumes in the mine
records. Drawing 4-1 shows the waste rock dumps and their surface expression along with their

associated pits.

The areas and volumes presented in Table 4-1 and topographic/spatial relationships depicted on
Drawing 4-1 are important screening criteria for evaluating soil remedial technologies (e.g.,
excavating, regrading, capping, and/or treatment of these fill materials) and directly relate to
technical implementability. For example, the Site upland soil and waste rock analytical data indicate
elevated concentrations of Site COCs/ROCs/COECs ate limited to the physical boundaties of the
waste rock dumps with very little to no migration to the surrounding soils. Therefore, regrading and
some type of cover system for the waste rock would be the primary technologies and process

options to consider for the Site.

As the Site proceeds through the FS process, there may be a need to group the various mine pits and

waste rock dumps into remediation areas (RAs). By segregating the mine pits and waste rock
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dumps, it may become more efficient to evaluate different remedial technologies and alternatives

depending on individual RA conditions and select the appropriate alternative for cleanup for

individual RAs.

4.2.3 General Response Actions Applicable to Upland Soils/Waste Rock

Six general categories of RAs, or GRAs, are applicable to the upland soils and waste rock at the Site
including:
e No-Action — the NCP requires that the no-action response be considered and carried

through detailed analysis to serve as a baseline for comparison in the evaluation of the
other five general categories of RAs.

e Limited Action — represents a response action that uses Institutional Controls (ICs, e.g.,
restrictive covenants) and Land Use Controls (LUCs, e.g., fencing) to limit human
exposure to contaminated media through administrative and engineering controls.

e Containment — includes capping and/or construction of bartiers to limit direct contact
with and minimize mobility of COCs/ROCs/COECs.

e Removal and Disposal — includes excavation of materials that contain COCs/
ROCs/COEC:s followed by on-site or off-site disposal.

e Ex-Situ Treatment — includes excavation of site soils followed by treatment to reduce
mobility, toxicity, or volume of COCs/ ROCs/COECs.

e In-Situ Treatment — includes treatment of soil in-place to reduce mobility, toxicity, or
volume of COCs/ ROCs/COEC:s.

The technologies and process options that potentially are applicable to the GRAs for the upland
soils and waste rock at the Site are identified and screened based on technical implementability

below.

4.2.4 Potentially Applicable Upland Soil/Waste Rock Technologies

Applicable technologies (and associated process options) considered for remediation of the upland
soil/waste rock COCs/ROCs/COECs (other than No-Action) are listed below and organized by
the GRAs. A detailed description of these technologies/process options and the initial screening,
including the rationale for selection or rejection, is summarized in Table 4-2. The final column in
this table identifies if technologies/process options are retained for additional screening or are

screened out.

Ballard Mine Feasibility Study Memo #1 Page 4-6
May 2016



4.2.41 Limited Action Response

The Limited Response Action technologies considered for upland soil/waste rock are described in
more detail and screened in Table 4-2, and include ICs (e.g., government controls, proprietary
controls, enforcement tools, and informational tools) and LUCs (e.g., fencing, signage, and other

physical barriers).

4.2.4.2 Containment

Containment technologies prevent direct contact with COCs/ ROCs/COECs, reduce or eliminate
infiltration of precipitation, and/or to prevent uptake of COCs/ ROCs/COECs by vegetation.
Containment does not reduce the volume or toxicity of COCs/ ROCs/COECs. Containment can
be achieved via cover systems, vertical barriers, and site controls. The containment technologies
and process options potentially applicable to the COCs/ ROCs/COECs ate listed below. Screening
details are provided in Table 4-2.

Capping. Capping involves covering impacted areas with soil covers to prevent direct contact
with COCs/ ROCs/COECs and minimize the infiltration of precipitation, thereby reducing the
migration of COCs/ ROCs/COEC: to ait, soils, and groundwater. Capping also can prevent
uptake of COCs/ ROCs/COECs by vegetation. Capping has been proven to be readily
implementable at various sites and is effective at isolating COCs/ ROCs/COECs from the
environment with minimal long-term maintenance. The following capping options are considered

for preliminary screening:
e Multi-Layered Cap
e Asphalt/Concrete Cap
e Evapotranspirative (ET) Cap
e Soil Cover Cap

Vertical Barriers. Vertical bartiers are used in soil to restrict the lateral migration of COCs/
ROCs/COEC:s in Site soils and include the construction of sheet pile or grout walls to prevent
lateral migration of COCs/ ROCs/COECs through soils away from areas of concern (i.e., a soutce

area).
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Surface Controls. Infiltration of precipitation may be reduced by directing surface runoff away
from areas of concern and re-vegetating impacted areas. Surface controls consist of the following

two options:
e Soil Grading

e Revegetation

4.2.4.3 Removal, Disposal, and/or Reuse

Removal and disposal of impacted upland soils and waste rock material is a proven technology to
reduce or eliminate onsite risks posed by COCs/ ROCs/COECs. By removing these matetials and
disposing them in appropriate locations, the COCs/ ROCs/COECs are no longer present to impact
site soils, groundwater, and vegetation. The removal and disposal technologies and process options
potentially applicable to the COCs/ ROCs/COECs in the Site upland soils/mine waste ate listed

below and are screened in Table 4-2.

Removal

e Conventional Excavation - involves the use of excavation equipment such as backhoes,
trackhoes, scrapers, front-end loaders, and/or bulldozers to dig, scrape or push materials
which require treatment, relocation, or contouring.

Disposal

e Consolidation and On-Site Disposal/Backfilling - involves excavation of impacted
upland soil/waste rock followed by transport and placement elsewhere on Site.

e Off-Site Disposal — involves excavation of waste rock and/or impacted upland soils
followed by transport and disposal off-site.

4.2.4.4 Ex-Situ Treatment
Ex-situ physical, chemical, thermal, or biological treatment technologies could be used to treat
impacted soil and waste rock following excavation to reduce the volume or toxicity of COCs/
ROCs/COECs. The ex-situ processes that were considered are listed below. All of these ex-situ
treatment technologies are eliminated from further consideration at the Site based on the rationale
presented in Table 4-2.

e Physical Treatment - includes technologies such as stabilization and aeration to reduce

the mobility or toxicity of COCs/ ROCs/COECs. The process options evaluated
include:

V' Stabilization/Solidification (S/S)
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v Dewatering
v Separation

e Chemical Treatment — involves addition of chemicals that convert COCs/
ROCs/COECs into less hazardous compounds. The process options evaluated include:

v" Soil Washing
v" Chemical Oxidation

v" Chemical Extraction

e Thermal Treatment — generally involves the destruction or removal of contaminants
through exposure to high temperature in treatment cells, combustion chambers, or other
means to contain the contaminated media during the remediation process. The thermal
treatment processes involve the application of energy in the form of heat to separate,
destroy, or immobilize contaminants. The process options evaluated include:

v" Incineration

V" Thermal Desorption

e Biological Treatment — consists of enhancing the biological degradation of organic
constituents by microorganisms.

4.2.4.5 In-Situ Treatment

In-situ or in-place treatment would treat impacted upland soil and waste rock material in place using
physical, chemical, thermal, and biological processes to reduce the volume ot toxicity of COCs/
ROCs/COECs. Because in-situ treatment would not require excavating the material, it generally is
considered safer to implement than ex-situ technologies. However, it may be difficult for in-situ
technologies to completely treat the constituents detected in Site soils/waste rock in-place because
of their heterogeneous nature. The following in-situ treatment options were considered for
treatment of soils containing radionuclides and metals. However, as a whole, in-situ treatment
process options do not appear to be viable treatment processes because of the aerial distribution and
volume of the upland soils and waste rock found at the Site. As a result, all of the in-situ treatment

technologies listed below have been eliminated from further consideration as discussed in Table 4-

2.

e Physical Treatment - includes technologies such as stabilization and aeration to
reduce the mobility or toxicity of COCs/ ROCs/COECs. The process options
evaluated include:
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v" Stabilization/Solidification (S/S)
v" Soil Vapor Extraction (SVE)

e Chemical Treatment - chemical additives are mixed in-situ with contaminated soils
to initiate chemical reactions that convert COCs/ ROCs/COZECs into less hazardous
compounds.

e Thermal Treatment - involves the application of energy in the form of heat to:
catalyze the COCs/ ROCs/COECs to immobilize or detoxify inorganic compounds, or
destroy them and generate nontoxic constituents (e.g., water, carbon dioxide). The
process options evaluated include:

V" Vitrification
v" In-Situ Thermal Desorption (ISTD)

o Biological Treatment - consists of enhancing the existing biological degradation of
organic constituents by microorganisms.

4.3 REMEDIATION OF SITE SURFACE WATER

This section presents the initial screening of remedial technologies/process options that ate
applicable to the contaminated surface water present at the Ballard Site. Impacted surface water
includes: 1) seeps/springs that discharge along the margins of the disturbed mine areas, 2) mine
dump seeps within the mined area that do not discharge off the Site, but contribute to groundwater
contamination, and 3) the surface water periodically present in the ephemeral/intermittent streams
that lead away from the disturbed mine areas. The surface water that is periodically present in the
seasonal ponds located within the disturbed mine areas are not included in this section because
those areas will be addressed through RAs associated with upland soils/waste rock (i.e., storm water
run-on/run-off control). Additional information regarding the surface water hydrology at the

Ballard Site is located in Section 2.4 of the Ballard Mine RI Report.

4.3.1 Basis for Remediation

Site impacts to surface water are dominated by elevated levels of selenium, which is the primary
ecological risk driver in surface water. However, because of the ephemeral/intermittent flows, the
streams leading away from the Site have poor quality aquatic habitat incapable of supporting fish
populations. Contaminant loading to the Blackfoot River is the most significant aquatic ecological
concern because it is the only perennial surface water body that has receptors downstream of the
Site. Arsenic also is a human health risk driver for surface water; however, this risk largely is
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associated with arsenic detected in seeps located at the toe of waste rock dumps. The

COCs/COEQC:s that drive risk in surface water are summatized in Table 2-7.

Surface water quality cleanup levels presented in Table 3-6 are exceeded in Site surface waters for a
relatively large number of analytes including: selenium and cadmium that exceed the proposed
cleanup levels, with isolated cleanup level exceedances of aluminum, arsenic, copper, and manganese
(refer to Section 3.5). Surface water samples collected from dump seeps and springs adjacent to the
source areas contain a greater number of constituents elevated above their respective cleanup levels

and at higher concentrations when compared to stream samples collected from downstream sources.

The RAs for the surface waters of the Site, therefore, have to consider a broad range of inorganic
analytes with varying chemical constituents. However, with the exception of selenium, the mobility
of the other sutface water COC/COEUC:s is relatively low and the areas of concern are generally

proximal to the Site sources.

4.3.2 Volumes and Areas of Impacted Surface Water

All of the stream coutses emanating from the Ballard Site are ephemeral/intermittent, and thus, do
not contribute to downstream contaminant loading during baseflow conditions, which is the case for
approximately nine months of the year. Drainages fed by perennial seeps and springs dry up
through evaporation and infiltration within about 100 feet of the source during baseflow months.
Table 4-3 provides the runoff and baseflow discharges for the monitored streams on the east and
west sides of the Site: Wooley Valley Creek and Ballard Creek, respectively (see Drawing 2-5 for
locations). The screening of remedial technologies/process options for surface water does not
consider Long Valley Creek because the Ballard Site contributes very little flow to this drainage, and
monitoring locations with measureable flow to the drainage have not been identified on Ballard Site.
Runoff and storm water contribution to the Blackfoot River from the Site is seasonal and largely
immeasurable given the much higher flows in the river (see Section 5.4.2 of the Ballard Mine RI

Repori).

Surface water sources at the Site that feed off-Site stream flows are intermittent/seasonal storm
water and snowmelt runoff and perennial spring and seep discharges. Runoff at the site is generally
diffuse with very few defined overland runoff channels. Much of the runoff reaches the off-Site
channels as interflow in the waste rock and adjacent soils. Most of the contaminant loading to the

drainages originates from the mine dump seeps and associated springs, which discharge at higher
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flows during the snowmelt and runoff periods. The majority of these features are located on the
southern portions of the Site (MSG004 — MSGO007, MST095, MST096, MSG008, MST069 and
MSTO067 - Drawing 2-5). The springs are primarily mine dump seepage or are impacted by dump
seepage, but do not discharge directly from the toe of a mine waste rock dump. Stations MST067,
MST069, MST095 and MST096 are classified as stream stations, but are fed directly by dump
seepage. Flow from these discharges range from approximately 90 gpm (0.2 cfs) to 4.5 gpm (0.01
cfs) during snowmelt, to 4.5 gpm to dry during the baseflow period (see Section 5.1.6.1 of the Ballard
Mine RI Repori).

Four mine dump seeps and a spring within the mined area do not discharge off the Site, but are
considered in the technology screening. These seeps and spring (MDS030 — MDS033 and MSGO003)
are located on the hill above the West Ballard Mine Pit (MMPO035 - Drawing 2-5). These
seeps/springs discharge to the mine pit where the impacted seepage-derived sutface water infiltrates
to the groundwater system. Five small seasonal ponds are located within the mining disturbed area.
These ponds primarily form in depressions in the mine pit floors, aside from MSP013, which was
constructed to contain sediment. The Site ponds are all less than a quarter acre in size and none are
perennial. Pond MSP010 was the only pond located at the periphery of the site. MSP010 was
closed through an interim action in 2010. All of the other ponds are located in the mine-disturbed
or waste rock areas and will be addressed by RAs completed in those areas. As an example,
regrading and capping to create positive drainage are described in Section 4.2. A major objective of
these activities will be the elimination of all standing-water areas except those specifically designed to

contain non-contact (clean) storm water.

4.3.3 General Response Actions Applicable to Surface Water

Based on a review of the data collected during the RI and the established RAOs, six general

categories of GRAs were identified for Site surface water including:

e No-Action — represents a “base case” for comparison in the evaluation of the other five
general categories of RA.

¢ Limited Action Response — includes such actions as routine surface water monitoring,
deed restrictions, and surface water use restrictions.

e Source Controls — includes actions to remove or control (contain) historic or potential
sources of site-related constituent migration to surface water.

e Containment — includes construction of features to retain surface water on the Site.
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e Removal and Disposal — consists of surface water collection and either recycling for
beneficial reuse, disposal by sutface dischatrge (e.g., retention/evaporation pond), or
disposal by underground injection.

e Ex-Situ Treatment — consists of physical, chemical, thermal, electrolytic, or biological
treatment of collected surface water prior to recycling or disposal.

¢ In-Situ Treatment — injection of chemical agents or air to neutralize, precipitate, or
destroy the COCs in Site surface water.

The technologies and process options that potentially are applicable to the GRAs for Site surface

water are identified and screened in the following section.

4.3.4 Potentially Applicable Surface Water Technologies

Applicable technologies and associated process options considered for remediation of the surface
water COCs/COECs (other than No-Action) ate listed below and organized by the GRAs. The
initial screening of these technologies/process options ate described in more detail and screened in
Table 4-4. The final column in this table identifies those technologies/process options that are

retained for further screening in Section 5.0 or have been screened out (rejected).

4.3.4.1 Limited Action Response
The Limited Response Action technologies considered for Site surface water are described in more

detail and screened in Table 4-4, and include:
e Institutional Controls (ICs)

e Land-Use Controls (LUCs)

4.3.4.2 Source Controls

Source controls include actions that reduce or eliminate constituent migration from known and
potential source areas to surface water. The primary COC/ROC/COEC sources at the Site are the
mine waste rock dumps. Precipitation falls on the source material and runs off or infiltrates into the
waste rock, and both actions can mobilize contaminants. Uncontaminated storm water may also
flow onto source material and either infiltrate or runoff, mobilizing contaminants. The
contaminated water either travels overland and combines with other storm water flows until it
discharges from the Site, or infiltrates and discharges to seeps/springs near the edges of the mine
waste rock dumps. Contaminated ponds on the Site largely result from the capture of contaminated

surface water runoff, or possibly shallow interflow in the mine dumps. Therefore, the primary
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source controls for the Site surface water focuses on limiting water contact with the waste rock.
Actions that would result in source controls are discussed as part of the evaluation of remedial

technologies for upland soil/waste rock in Section 4.2 and are not repeated herein.

4.3.4.3 Containment

Surface water containment can include collection and containment in tanks or reservoirs. Although
perpetual storage of water without discharge is not possible, temporary containment could be a
component of the larger Site remedy. The second possible function of containment is to contain
and reduce suspended concentrations of contaminants in surface water. Process options evaluated

include:
e Retention Basins
o Wetlands

4.3.4.4 Removal and Disposal
Removal. Removal of surface water is accomplished by collection and isolation in a pond or tank,
typically for storage, treatment, or disposal. Alternatively, a removal action could be eliminating the

water discharging from the waste rock to the surface water channels.

Disposal. The disposal technologies and the disposal process options potentially applicable to the
COCs/COEQC:s in the Site surface water include:

e Recycle/Reuse

e Tand Application

e Treated Surface Water Discharge

e Evaporation/Infiltration

e DPublically Owned Treatment Works (POTW)

e Injection Wells

The removal and disposal technologies and process options potentially applicable to the
COCs/COECs in the Site sutface water are described and the results of the initial screening are
presented in Table 4-4.
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4.3.4.5 Ex-Situ Treatment

Ex-situ (active treatment) technologies would be performed to treat collected surface water to
acceptable levels. These treatment technologies are evaluated for their ability to reduce the
concentrations of selenium and other contaminants that exceed the chemical-specific cleanup levels
for the receiving water or application location (i.e., discharge to surface waters vs. groundwater).
The ex-situ treatment technologies and process options potentially applicable to the COCs/COECs
in the Site surface water are described in detail and screened in Table 4-4. The ex-situ treatment
technologies considered include:

e DPhysical Treatment — primarily separates or replaces the elements or compounds from
the water being treated. Process options evaluated include:

v" Solid/Water Separation
Filtration
Adsorption

Ion Exchange

AN NN

Membrane Technologies

e Chemical Treatment — involves processes where the COCs/COECs ate altered into a
less toxic form or precipitated from solution. Many of the COCs/COEC:s in Site
surface water occur as oxyanions (e.g., arsenic and selenium), which rely on
transformation to more reduced (less mobile) forms of the element. Other
COCs/COECs are cationic polyvalent metals (e.g., cadmium and copper), which can be
chemically treated by precipitation/co-precipitation, reduction, or sorption. Process
options evaluated include:

v Solvent Extraction
v" Chemical Precipitation

v" Oxidation/Reduction

e Thermal Treatment — involves the application of energy in the form of heat to catalyze
and immobilize or detoxify the COCs/COECs, ot to destroy them through generation
of non-toxic constituents (e.g., water and carbon dioxide). Process options evaluated
include:

v" Evaporation/Distillation

v Wet Air Oxidation
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e Biological Treatment — involves the transformation, degradation, or fixation of
contaminants by microorganisms.

4.3.4.6 In-Situ Treatment

In-situ treatment technologies are designed to treat contaminated surface water without extracting
the water. The in-situ treatment technologies and process options potentially applicable to the
COCs/COEQC:s in the Site surface water include:

e Physical Treatment — primarily separates or replaces the elements or compounds from
the water being treated. The process option evaluated includes:

v" Mechanical Aeration

e Chemical Treatment — involves processes where the COCs/COECs ate altered into a
less toxic form or precipitated from solution. Many of the COCs/COEC:s in Site
surface water occur as oxyanions (e.g., arsenic and selenium), which rely on
transformation to more reduced (less mobile) forms of the element. Other
COCs/COECs are cationic polyvalent metals (e.g., cadmium and copper), which can be
chemically treated by precipitation/co-precipitation, reduction, ot sorption. Process
options evaluated include:

v" Chemical Injection (Oxidation/Reduction/Hydrolysis)
V' Permeable Reactive Barrier (PRB)/Chemical Injected Reductive Reaction Zone

e Thermal Treatment — involves the application of energy in the form of heat to catalyze
the COCs/COECs, to immobilize or detoxify inorganic compounds, ot to destroy those
generating non-toxic constituents (e.g., water and carbon dioxide). The process option
evaluated includes:

v" In-Situ Thermal Desorption

e Biological Treatment — involves the transformation, degradation, or fixation of
contaminants by microorganisms.

4.4 REMEDIATION OF SITE SEDIMENT AND RIPARIAN SOIL

This section presents the initial screening of remedial technologies/process options that are
applicable to the contaminated sediment and riparian soil present in and along the intermittent
streams that lead away from the disturbed mine areas. These streams include Wooley Valley Creek
and Ballard Creek, and their tributaries. The screening of remedial technologies/process options
does not consider Long Valley Creek because detected concentrations of COCs/COECs generally
do not exceed screening levels in that drainage. The sediments in ponds within the mining areas are

addressed along with upland soil/waste rock (see Section 4.2) and are not included here.
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The evaluation of remedial alternatives for sediment and riparian soil are combined in this FS
because sediment and riparian soil at the Site are adjacent and contiguous and the candidate remedial

alternatives for sediment and riparian soil are similar.

4.4.1 Basis for Remediation

Sediment. The human health risk assessment included in the BRA concluded that direct exposure
to contaminants in sediment is potentially a complete exposure pathway, but is insignificant for the
human health receptors evaluated. Indirect human exposure through consumption of organisms
that uptake contaminants is an incomplete pathway because surface water bodies in the Ballard Site
area do not support fish. As such, the BRA did not quantify direct exposure human health risks
posed by Site sediment. However, the BRA concluded that there are unacceptable risks associated
with cutrent/future Native American consumption of culturally significant aquatic plants that grow
in the Site sediment and unacceptable tisks to ecological receptors. The COCs/COECs that
contribute to unacceptable human health and ecological risks in sediment, as shown in Table 2-7,

are antimony, arsenic, cadmium, copper, molybdenum, selenium, thallium, and vanadium.

Riparian Soil. The human health risk assessment included in the BRA concludes that the
incremental cancer risks posed to current/future Native Americans by direct exposure to riparian
soil falls within the acceptable risk range. However, the BRA concludes that there are unacceptable
risks associated with current/future Native American consumption of culturally significant plants

that grow in the Site riparian soil and unacceptable risks to ecological receptors.

The human health exposure to plants growing in riparian soil were calculated using plant tissue data,
where available, or modeled from riparian soil concentrations for COPCs not directly analyzed in
plant tissue samples. The COCs/COECs that contribute to unacceptable risk, as shown in Table 2-

7, are arsenic, cadmium, chromium, copper, molybdenum, nickel, selenium, thallium, and vanadium.

Vegetation Considerations. As discussed in Section 4.1.3, the unacceptable human health risks to
site vegetation are addressed in this Ballard FS Memo #1 through evaluation of remedial alternatives
for the primary media where the affected vegetation is growing. Accordingly, the remedial
alternatives evaluated below for sediment and riparian soil consider the effectiveness of each

remedial alternative on vegetation found in the identified intermittent stream corridors.

Drainage Morphology Considerations. For the purposes of screening remedial alternatives, it is

important to note that Wooley Valley Creek, Ballard Creek, and their tributaries are intermittent
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streams that only flow during the wetter spring months, primarily during spring runoff. These
streams normally are dry along their entire reach during the summer and fall. The morphology of
these drainages generally is shallow and narrow grass-lined depressions or swales in the steeper
headwater areas (e.g., near the Ballard Mine pits/waste rock dumps) that become slightly deeper and
wider toward the valley floor. Some of the lower reaches of Wooley Valley Creek have a defined
channel; however, the upland reaches do not have clearly defined stream channels other than the

minor swales/coulees.

These intermittent stream reaches near the Site, especially in the headwater areas, do not have large
sediment deposits (e.g., point bars) that are more typical of perennial streams. Instead, the sediment
deposits in the intermittent drainages near the Site are relatively minor and often are
indistinguishable from the adjacent soil. This is particularly true in the headwater areas where the
drainages are small and indistinct. These headwater areas also are where the COC/COEC
concentrations are highest in the sediment/ripatian soil due to their proximity to the sources of

COCs/COEC:s in the mined area.

Sediment in these intermittent drainages comes from not only the Site, which is located high in the
drainages, but other highlands areas nearby which are unaffected by the Site, but are expected to
contribute sediment to these identified streams lower in their courses (see Drawing 1-4). These
physical characteristics of the intermittent streams are considered when screening remedial

technologies discussed below.

4.4.2 Volumes and Areas of Impacted Sediment and Riparian Soil

Based on data collected during the RI, the following conservative assumptions regarding the areas
and volumes of sediment/riparian soil that require remediation for the purposes of screening

remedial alternatives are made:

e The depth of both sediment and riparian soil potentially requiring remediation is
conservatively assumed to average 12 inches below grade, which is 3-times the depth that the
sediment samples were collected during the RI and 2-times the depth that riparian soil
samples were collected during the RI. It is assumed that Site COCs/COECs eroded from
upland areas and deposited in the sediment/ripatian soil would be limited to this 12-inch

depth.

e The width or corridor along the streams where the sediment/ripatian soil require
remediation is assumed to average 30 feet, or 15 feet to either side of the center line of the
stream channel. Based on the stream-sampling location photographs included in Appendix

Ballard Mine Feasibility Study Memo #1 Page 4-18
May 2016



C of the Ballard Mine RI Report, this assumption may underestimate or overestimate the
impacted corridor depending on the variable stream morphology along the reach of each
stream. For example, a 30-foot corridor may underestimate the width of impacted
sediment/riparian soil in topographically flat areas where the stream channel is not distinct
and likely meanders across a larger area. Alternatively, a 30-foot corridor may overestimate
the width of impacted sediment/riparian soil in topographically steeper areas where there is
a distinct stream channel with narrow riparian banks. The 30-foot average width is
considered a representative assumption that accommodates the observed morphologies of
the impacted Site streams.

e For Ballard Creek and its impacted tributary, the length of the stream/tributary corridors
where sediment/riparian soil require remediation is assumed to be from the headwaters of
the stream/tributary near the edge of the mining disturbed atea (i.e., near sampling locations
MSTO067 and MST068) to where the Ballard Creek discharges into the Blackfoot River. This
length may be revised based on changes to remediation levels presented earlier in this
document (see Section 2.3).

e For Wooley Valley Creek and its tributaries, the length of the stream/tributary corridors
where sediment/riparian soil require remediation is assumed to be from the headwaters of
the stream/tributaries near the edge of the mining disturbed area (i.e., near sampling
locations MST094, MST095, and MSGO005) to downstream monitoring location MST272.
This length may be revised based on changes to remediation levels presented eatrlier in this
document (see Section 2.3).

Using the above assumptions, the resulting volume of sediment/riparian soil requiting
remediation in the Ballard Creek drainage and its impacted tributary is 20,513 cubic yards (cy).
The resulting volume of sediment/ripatian soil requiring remediation in the Wooley Creek
drainage and its impacted tributaries is 57,720 cy. The area and volume assumptions listed
above using PCLs will be refined in the RD after the Site-specific cleanup levels are approved in
the ROD.

4.4.3 General Response Actions Applicable to Sediment/Riparian Soil

Five general categories of GRAs are applicable to Site sediment/ripatian soil including:

e No-Action — represents a “base case” for comparison in the evaluation of the other four
general categories of RA.

¢ Limited Action Response — represents a response action that uses ICs (e.g., restrictive
covenants) and LUCs (e.g., fencing) to limit human exposure to contaminated media
through administrative and engineering controls. Monitoring Natural Recovery (MNR)
is limited action response that allows natural processes to reduce the mass, toxicity,
mobility, volume or concentration of contaminants while conducting periodic
monitoring to evaluate performance.

e Containment — includes capping and/or construction of bartiers to limit direct contact
with and to minimize mobility of COCs/COECs.
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e Removal and Disposal — excavation of matetials that contain COCs/COECs followed
by on- or off-site disposal.

e Ex-Situ and In-Situ Treatment — various techniques that can be implemented either
in-situ ot ex-situ to reduce mobility, toxicity, or volume of COCs/COECs.

4.4.4 Potentially Applicable Sediment/Riparian Soil Technologies

Applicable technologies and associated process options considered for remediation of the
sediment/riparian soil COCs/COECs (other than No-Action) are briefly discussed below and
organized by the GRAs. These technologies/process options are described in more detail and
screened in Table 4-5. The final column in this table identifies those technologies/process options

that are retained for further screening and those that have been screened out (rejected).

4.4.4.1 Limited Action Response

The Limited Response Action technologies considered for Site sediment/tripatian soil include:
e Institutional Controls (ICs) and Land-Use Controls (LUCs)

e Monitored Natural Recovery (MNR)

4.4.4.2 Containment
The containment GRA includes capping and/or construction of barriers to limit direct contact with
and to minimize mobility of COCs/COECs. The containment technologies considered for

sediment/riparian soil include:
e Cover Systems (various caps)
e Channelization

4.4.4.3 Removal and Disposal

Removal. Removal and subsequent disposal of impacted sediment/riparian soil is a proven
technology to reduce or eliminate risks posed by COCs/COECs. By removing these materials and
disposing them in appropriate locations, the COCs/COECs are no longer present to impact

culturally significant plants or ecological receptors.

The removal process options considered for the contaminated sediment/riparian soil include:
e Sediment Traps/Basins
e Conventional Excavation
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e Suction Dredging/Hydraulic Pumping
Disposal. Disposal of the excavated sediment/riparian soil includes the following options:

e Consolidation and On-Site Disposal
e Off-Site Disposal

4.4.4.4 In-Situ/Ex-Situ Treatment
The in-situ or ex-situ treatment technologies that are suitable to the Site COCs/COECs in
sediment/riparian soil include:

e Physical Treatment — includes technologies such as stabilization to reduce the mobility
or toxicity of COCs/COECs. The process options evaluated include:

v" Solidification/stabilization

v" Vitrification

e Chemical Treatment — chemical additives that convert chemicals into less hazardous
compounds. The process option evaluated includes:

v" Soil washing (chemical extraction)

e Biological Treatment — consists of uptake of COC/COECs by plants during
phytoremediation.

Treatment technologies that are not effective for inorganic constituents are not considered (e.g.,

thermal treatment).

4.5 REMEDIATION OF SITE GROUNDWATER
4.5.1 Basis for Remediation

Site groundwater impacts are dominated by human health risks associated with elevated
concentrations of selenium in the shallow alluvial groundwater systems. There are isolated
occurrences of elevated concentrations of arsenic that result in arsenic also being a risk driver.
However, the occurrences of arsenic above its MCL of 0.01 mg/L are limited temporally and
spatially, and may be associated, in part, with background. The selenium concentrations of concern
are widespread and clearly are associated with Site sources (i.e., mine waste rock dumps). Selenium
concentrations in groundwater above the relevant ARARs defines the limit of Site-impacted

groundwater for the purpose of evaluating possible groundwater RAs in the FS.
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While not identified as risk drivers in the BRA, cadmium (MCL of 0.005 mg/L), is detected above
the groundwater MCL. Exceedances occur sporadically, but are coincident in the areas of selenium
contamination. Therefore, the technologies and process options in this section are screened based
the overall selenium groundwater contaminant areas or plumes, but cadmium reduction is also

considered.

4.5.2 Impacted Hydrogeology

As discussed in Section 1.4.6 and Section 2.1.5, the groundwater system at the Site can be divided
into (1) local shallow groundwater systems within basin-fill alluvium, (2) shallow to deep
intermediate systems within sedimentary bedrock units, and (3) regional groundwater flow systems
within deeper sedimentary bedrock units. The Ba/lard Mine RI Report identified locations where two
of the groundwater systems were affected by COCs above ARARs (the proposed cleanup levels in
Table 3-6): the alluvial system on the east and west sides of the Site (see Drawings 2-7 and 2-8),
and the regional Wells Formation system beneath and adjacent to the West Ballard Mine pit
(MMPO035; see Drawing 2-6). Sections 4.5, 5.1.4 and 5.4.4 of the Ballard Mine RI Report provide
extensive information of the nature and extent of contamination and the fate and transport of COCs

in the groundwater.

The extent of the affected alluvial groundwater was characterized primarily by an extensive direct-
push groundwater study along with monitoring well installation and sampling. The groundwater
plumes that were defined are shown on Drawings 2-7 and 2-8. Six plumes have been identified and
are indicated by their origin (MWDO084, MWDO082 North, MWDO082 South, MWDO080 North,
MWDO081 South, and MWDO080/081 Central). The plumes originating from MWDO081 South and
MWDO080/081 Central flow to the Blackfoot River (Drawing 2-8). Up and downgradient
monitoring does not detect appreciable changes in selenium concentration, which may indicate
contribution is minor compared to the total river flow. None of the other plumes have reached a
potential discharge location. The depth to first groundwater in the alluvial system typically ranges
from a foot below the ground surface (bgs) to 15 feet bgs and rarely as deep as 20 feet bgs. The
groundwater in the alluvial system is contained in alternating sand, clay and silt beds with rare gravel
beds of colluvial and alluvial origin. Beds are typically thin, being a foot or less thick but they can be
highly variable. Groundwater is best characterized as being unconfined to semi-confined between

clay beds. Hydraulic testing of alluvial wells indicates that the average hydraulic conductivity of the
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water bearing portions of the unit is on the order of 10 cm/sec and groundwater flow velocities

were estimated as ranging from 17 to 109 feet/year at the Site.

The hydrogeologic setting of the Wells Formation system is markedly different than the alluvial
system. Groundwater is contained in the Pennsylvanian Wells Formation, which is dominated by
sand and limestone beds of feet to tens of feet thick. Water-bearing beds have hydraulic
conductivities on the order of 107 to 102 cm/sec. These beds can produce significant groundwater.
However, the poorly cemented sandstone of the unit causes difficulties when drilling, installing, and
producing water from the wells. Within the Site, the bedrock units are folded and faulted resulting
in compartmentalization and complex groundwater flow systems. The depth to groundwater in the
Wells Formation at the Site ranges between 200 and 400 feet bgs in the area of the West Ballard
Mine Pit (MMP035), and between 100 to 200 feet bgs in the other perimeter areas.

The Wells Formation was found to contain elevated concentrations of COCs around the West
Ballard Mine Pit. Monitoring wells MMWO001, MMWO006, and MMW020 have COC concentrations
above chemical-specific ARARs (see Drawing 2-6 for locations). Monitoring well MMWO021 on the
west side of the pit has elevated COC concentrations, but does not exceed chemical-specific cleanup
levels. Other Wells Formation monitoring wells (MMWO030 and MMWO031) at the perimeter of the
Site were found to contain background concentrations of COCs. The source of the COCs at the
West Ballard Mine Pit appears to be dump seeps and a spring that flows down the east pit wall
before infiltrating into the exposed Wells Formation in the bottom of the pit. The rapid response of
water levels and selenium concentrations to spring runoff in monitoring well MMWO020 support this
conclusion. The regional groundwater flow in the Wells Formation is to the northwest, but because
of the complex hydrogeologic conditions of the Site, a specific flow field has not been defined and is

locally complex because of the folding and faulting.

4.5.3 General Response Actions Applicable to Groundwater

Seven categories of GRAs are applicable to groundwater. These are:

e No-Action — represents a “base case” for comparison in the evaluation of the other six
general categories of RAs.

¢ Limited Action Response — includes such actions as routine groundwater monitoring,
deed restrictions, and groundwater extraction/use restrictions.

e Source Controls — includes actions to remove or control (contain) historic or potential
sources of site-related constituent migration to groundwater.
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e Containment — includes construction of subsurface bartiers to control lateral flow
direction of groundwater.

e Removal and Disposal — consists of groundwater pumping and either recycling for
beneficial reuse or disposal by surface discharge or injection.

e Ex-Situ Treatment — consists of physical, chemical, thermal, or electrolytic treatment of
extracted groundwater prior to recycling or disposal.

e In-Situ Treatment — consists of injection of chemical agents or air into contaminated
Site groundwater while it remains in place to neutralize, precipitate, or transform the
COCs/COEC:s initially detected in Site groundwatet.

4.5.4 Potentially Applicable Groundwater Technologies

Applicable technologies and associated process options considered for remediation of the
groundwater COCs/COECs (in addition to No-Action) are listed below and otrganized by the
GRAs. These technologies/process options ate desctibed in more detail and screened in Table 4-6.
The final column in this table identifies those technologies/process options that are retained for

further screening or have been screened out (rejected).

4.5.4.1 Limited Action Response
The Limited Response Action technologies considered for Site groundwater are described in detail

and screened in Table 4-6 and include:
e Institutional Controls (ICs)
e Land-Use Controls (LUCs)

e Monitored Natural Attenuation (MNA)

4.5.4.2 Source Controls

Source controls include actions that reduce or eliminate constituent migration to groundwater from
known and potential soutce areas. The primary source of COCs/COZECs at the Site is the mine
waste rock, which is found in large dumps located throughout the Site. Precipitation infiltrates the
waste rock mobilizing contaminants in leachate. The contaminated leachate then percolates into the
undetlying groundwater system or is discharged in seeps/springs at the edges of the mine dumps.
This has resulted in contaminated shallow alluvial system groundwater on both the east and west
sides of the Site. Therefore, the primary source controls would be reducing or limiting water

percolation through the waste rock primarily through grading and capping activities. These and
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other source controls are discussed as part of the evaluation of remedial technologies for upland soil

and waste rock in Section 4.1 and therefore are not repeated in this section.

Preventing contaminated surface water from infiltrating to groundwater is another source control
considered for the Site. This is particularly relevant for West Ballard Mine Pit (MMPO035) where
contaminated springs (e.g., MIDS032) discharge to the mine pit where these contaminated surface
waters eventually infiltrate to the regional Wells Formation hydrogeologic unit. Specific remedial
technologies for remediation of discharging surface water/springs are presented in the surface water

section (Section 4.3) and are not discussed further herein.

The implementation of source controls is often coupled with MNA to address the progressive
cleanup of a residual groundwater plume following source control. The rationale is that once the
source has been diminished or cutoff from groundwater, the existing plume will diminish in size and
concentration over time by natural processes, such as biological transformation and absorption to

aquifer solids.

4.5.4.3 Containment
Vertical Barriers. Vertical hydraulic barriers can consist of extraction wells, injection wells, slurry

or grout walls, or a combination of these. The vertical barrier technologies considered include:
e [Extraction Wells
e Extraction Trenches
e Injection Wells

e Cut-Off (Slurry or Grout) Walls

4.5.4.4 Removal and Disposal

Removal. Removal of groundwater by extraction for hydraulic control or treatment requires
pumping from extraction wells or possibly cutoff/recovery trenches. The equipment required
depends on the location and depth of the wells, the required flow rate, and the treatment or disposal
method. Extraction and disposal of Site groundwater could reduce the volume and horizontal
migration of contaminated groundwater. The removal technologies and process options potentially
applicable to the COCs/COEC:s in the Site groundwater are described and the results of the initial
screening are presented in Table 4-6. The removal technologies considered for Site groundwater is

limited to pumping.
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Disposal. Options available for the disposal of treated or untreated groundwater include recycling
for beneficial reuse, land application, surface water discharge, evaporation/infiltration, discharge to a

POTW, and reinjection. The disposal technologies considered include:
e Recycle/Reuse
e Tand Application
e Discharge to Surface Water
e Evaporation/Infiltration Trench/Basin
e POTW
e Reinjection

4.5.4.5 Ex-Situ Treatment

Ex-situ treatment technologies would be performed in conjunction with groundwater removal to
treat the extracted groundwater to acceptable levels to allow for discharge, disposal or recycling.
The treatment technologies need to be considered for their ability to reduce the concentrations of
primarily selenium but also arsenic and cadmium. If discharge is to surface water or the extracted
water has another beneficial use, then additional contaminants and potential limits will have to be

considered.
The in-situ treatment technologies considered include:

e Physical Treatment — primarily separates or replaces the element or compound in the
water being treated. The physical treatment process options evaluated include:

V" Solid/Water Separation
V' Filtration

v Adsorption

v" Ton Exchange

v Membrane Technologies

e Chemical Treatment — involves processes where the COCs are altered into a less toxic

form or precipitated from solution. Chemical treatment process options evaluated
include:

v" Solvent Extraction
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v" Chemical Precipitation
v" Oxidation/Reduction

Thermal Treatment — involves the application of energy in the form of heat to catalyze
and immobilize or detoxify the COCs/COECs, ot to destroy them through generation
of non-toxic constituents (e.g., water and carbon dioxide). Thermal treatment process
options evaluated include:

v" Evaporation/Distillation

v Wet Air Oxidation

Biological Treatment — consists of enhancing the biological transformation of
constituents by microorganisms to less mobile species.

4.5.4.6 In-Situ Treatment

In-situ treatment technologies are designed to treat contaminated groundwater without extracting

the water. The treatment technologies need to be considered for their ability to reduce the

concentrations of primarily selenium but also arsenic and cadmium. The in-situ treatment

technologies considered for Site groundwater include:

Physical Treatment — primarily separates or replaces the element or compound in the
water being treated. The physical treatment process option evaluated includes:

v" Mechanical Aeration

Chemical Treatment — involves processes where the COCs are altered into a less toxic
form or precipitated from solution. Chemical treatment process options evaluated
include:

v" Chemical Injection (Oxidation/Reduction/Hydrolysis)
V' Permeable Reactive Barrier (PRB)/Chemical Injected Reductive Reaction Zone

Thermal Treatment — involves the application of heat to immobilize, detoxify, or
destroy inorganic compounds. The thermal treatment process option evaluated includes:

v" In-Situ Thermal Desorption

Biological Treatment — consists of enhancing the biological transformation of
constituents by microorganisms to less mobile species. In-situ biological treatment may
be facilitated by introducing a carbon source and nutrients to the treatment zone.
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Table 4-1

Ballard Mine Waste Rock Dump and Mine Pit Areas and Volumes

Ballard Site
Waste Rock Net Fill Volume Net Excavated Map Area® Surface
Dump/Mine Pit(" (cu. yd.) Volume (cu. yd.) (sq. ft.) Area® (sq. ft.)

MWDO080 4,990,000 - 3,520,000 3,670,000
MwWD081 3,920,000 - 2,060,000 2,180,000
MwWD082 3,040,000 - 3,170,000 3,330,000
MwWDO083 608,000 - 727,000 760,000
MwWD084 1,140,000 --- 1,270,000 1,320,000
MWDO093 5,060,000 - 2,860,000 3,030,000
MMPO035 - 13,200,000 4,030,000 4,730,000
MMPO036 - 5,850,000 2,680,000 2,970,000
MMPO37 - 2,660,000 1,020,000 1,150,000
MMPO038 - 21,800 56,200 60,200
MMPO039 - 844,000 1,030,000 1,100,000
MMPO040 --- 1,230,000 905,000 982,000

MMPO035 In-Pit NA --- 1,129,363 1,162,395

MMPO036 In-Pit NA - 891,515 917,238
TOTAL® 18,800,000 23,800,000 23,300,000 25,300,000

Acres: 534 581
Notes:

Calculated areas and volumes have been rounded to three significant figures.
Q) Mine features are shown on Drawing 4-1.

(2) Map area is the area in a horizontal (flat) map view.
3) Surface area is the 3D area that accounts for topographic variations (slopes).

4) Areas of in-pit waste rock fills are not included in the total areas as this area is already
captured in the excavated pit area.

In-Pit

In pit waste rock dumps.
not applicable

NA not available; the pit topography prior to waste rock deposition is not available, so a
volume cannot be calculated.
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Table 4-2
Summary of Initial Upland Soil/Waste Rock Technology Screening
FEASIBILITY STUDY TECHNICAL MEMORANDUM #1
P4 Production LLC, Ballard Mine, Idaho

BALLARD MINE UPLAND SOIL/WASTE ROCK

General Response
Action

Treatment
Technologies

Process Options
Considered

Site Specific Considerations - Selection Rationale

Initial Screening Results

No Action

No Action

NA

The No-Action alternative is required for consideration under the NCP as part of the FS Process. The No-Action alternative would be
considered if remediation efforts cause substantial risk to human health or the environment during implementation or when the cost of
remediation is excessive compared to the benefits of the risk reduction achieved.

Retain

Limited Action
Response

Institutional Controls
(ICs)

Government controls,
proprietary controls,
enforcement tools, and
informational tools

Typical examples of governmental controls include zoning; state, or local land use restrictions; and sports/recreational limits posed by federal,
state and/or local resources and/or public health agencies. Proprietary controls include easements that restrict use (also known as negative
easements) and restrictive covenants. These types of controls can prohibit activities that may compromise the effectiveness of the response
action or restrict activities or future resource use that may result in unacceptable risk to human health or the environment. State and tribal law
typically authorize proprietary controls. ICs are a viable option for the Ballard Site as they help to limit human and ecological exposures.

Retain

Land Use Controls
(LUCs)

Fencing and other LUCs

LUCs include engineering and physical barriers, such as fences and security guards, as well as institutional controls (ICs). Neither ICs nor
LUCs reduce the mobility, toxicity, or volume of COCs/COECs. However, ICs/LUCs may prevent human exposure to the COCs/COECs and
preserve the integrity of the overall remedy. LUCs are a viable option for the Ballard Site as they would limit human and ecological exposures.
It is likely that LUCs would be incorporated into the overall Site remedy during remedial construction and until long-term monitoring show that
RAOs are achieved.

Retain

Containment

Cover System

Multi-Layered Cap

This process option involves construction of a multiple-layered cap with at least one hydraulic barrier layer consisting of earthen materials of
various gradations, a compacted clay layer, a geosynthetic clay layer, or a geomembrane layer. In addition to the hydraulic barrier layer, the
cap would incorporate a drainage layer and vegetation layer. Due to the semi-arid location of the Site, compacted clay layers may be subjected
to desiccation and cracking due to shrinkage of the clay. Multi-layer caps are a viable cover system option for the Ballard Site as they limit
direct human and ecological exposures as well as limit or mitigate impacts to surface water and groundwater at the Site.

Retain

Asphalt/Concrete Cap

Asphalt and concrete caps area are constructed of a gravel sub-base layer overlain by asphalt or concrete. Asphalt and concrete caps are able
to withstand traffic and are thus particularly suited for areas that will potentially receive future traffic. These caps are effective at both reducing
infiltration of precipitation and eliminating direct contact with COCs/COECs. However, due to the high unit weight of these materials and cost,
they would only be considered for small areas with material of sufficient bearing strength. Due to the large areas that would be covered during
Site remediation, cost of construction and maintenance as well as the aesthetic concerns associated with this type of cover in a natural
environment, asphalt and concrete caps have been eliminated from further consideration.

Reject

ET Cap

RCRA Subtitle D provides that a regulatory agency may approve an ET soil cover, commonly referred to as an alternative final cover (AFC), if
the alternative design includes an infiltration layer that will result in the net reduction in infiltration equivalent to that provided by conventional
covers. The thickness of the soil layer is chosen to allow for sufficient storage of all infiltration water during periods of low ET. The movement
of water from the soil to the atmosphere is controlled by the amount of evaporation and transpiration by vegetation, which are greatest during
the warm and dry growing seasons.

ET covers consist of single or multiple soil layers to store precipitation that is then removed by vegetation through evaporation and transpiration.

ET soil covers are readily implementable due to the fact that they are constructed of readily available native soil and vegetation. The majority of
caps constructed at mining sites in the western United States and in the phosphate mine area of southeastern Idaho, are ET soil covers of
varying designs. ET caps are a viable option for the Ballard Site as they limit direct human and ecological exposures as well as limit or mitigate
impacts to surface water and groundwater at the Site.

Retain

Soil Cover Cap

A soil cover cap involves placement of one foot or more of native soil over fill over waste rock. The main objective of this cap is to prevent
direct exposure to the waste rock and provide media for revegetation. Although it is not designed as an ET cover, it may function in a similar
manner. Soil covers limit direct exposure to COCs/COECs contained in waste rock. The thickness of a soil cover must be sufficient to prevent
uptake of COCs/COECs by vegetation that grows on the cover. Soil cover caps are a possible option for the Ballard Site as they limit direct
human and ecological exposures and depending on their thickness, limit or mitigate impacts to surface water and groundwater at the Site.

Retain

Vertical Barrier

Sheet Piling/Grout Wall

Vertical barriers are used in soil to restrict the lateral migration of COCs/COECSs in Site soils and include the construction of sheet pile or grout
walls to prevent lateral migration of COCs/COECs through soils away from areas of concern (i.e., a source area). The Ballard Rl Report data
indicate that in their current state, COCs/COECs such as metals have not significantly migrated away from areas of release (e.g., mass wasting
off the dumps) and limited dispersion of soil COC/COECSs occur in downstream drainages (e.g., sediment and riparian soils). Based on the RI
findings indicating that there is insignificant off-dump (lateral) migration of metal COCs/COECSs in Site upland soils/waste rock, vertical barriers
are not necessary to contain Site contaminants lateral migration. As a result, vertical barriers have been eliminated from further consideration..

Reject

The treatment technologies and/or process options in the shaded cells have been eliminated from further evaluation in Section 5.
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Table 4-2
Summary of Initial Upland Soil/Waste Rock Technology Screening
FEASIBILITY STUDY TECHNICAL MEMORANDUM #1
P4 Production LLC, Ballard Mine, Idaho

BALLARD MINE UPLAND SOIL/WASTE ROCK

General Response
Action

Treatment
Technologies

Process Options
Considered

Site Specific Considerations - Selection Rationale

Initial Screening Results

Containment (cont.)

Surface Controls

Soil Grading

Soil grading involves altering the topography of the Site to control and direct surface water away from impacted areas and to prevent ponding of
surface water. Grading is a viable process option for the Ballard Site to reduce infiltration of precipitation into waste rock and could be
incorporated as a component of the overall Site remedy.

Retain

Revegetation

Revegetation involves applying a soil layer followed by seeding with an appropriate seed mix to revegetate an area. Vegetation promotes the
reduction of runoff, erosion and infiltration of precipitation. Revegetation is a viable process option for the Ballard Site and could be
incorporated into the overall Site remedy.

Retain

Removal and Disposal

Removal

Conventional Excavation

Conventional excavation involves the use of excavation equipment such as backhoes, trackhoes, scrapers, front-end loaders, and/or bulldozers
to dig, scrape or push materials which require treatment, relocation, or contouring. Conventional excavation could be used to remove materials
within the area for one or more of the following: 1) removal of overlying soil/waste rock materials to un-impacted native soil, or 2) for contouring
an area prior to application of a cap. The removed materials then would be further treated, consolidated, placed under a cap or used in the
construction of a cover system. Excavation is a viable process option and could be easily implemented in various areas of the Ballard Site
where these materials might be excavated for consolidation or reuse during remediation.

Retain

Disposal

Consolidation and On-
Site Disposal/Backfilling

Consolidation and on-site disposal at the Ballard Site would likely include backfill of the open pits with on-Site waste rock. Consolidation and
on-site disposal or backfilling is a viable process option and would be beneficial to reduce the overall footprint of impacted waste rock.

Retain

Off-Site Disposal

Off-site disposal is less desirable than on-site consolidation/disposal due to the increased risk to public safety and health as a result of the
increased possibility of transportation accidents and public exposure to possible spills. Given that there are in excess of 18 million cubic yards
of contaminated upland soils/waste rock at the Site, offsite disposal is not a viable option and is eliminated from further consideration.

Reject

Ex-Situ Treatment

Physical

Stabilization/Solidification

Ex-situ stabilization generally involves excavation of the solids, mechanical mixing of the solids with stabilization agents, curing of the mass for
optimal reduction in leachability, and then on-site or off-site disposal. Various types of stabilization agents are available, including cement, fly
ash, silica, bentonite, and various polymers. The types of stabilization agents used depend on the chemical composition of the material being
stabilized. Stabilization and solidification has been shown to be effective for reducing the leachability of heavy metals. Due to the large
volumes of upland soils/waste rock and relatively low concentrations of COCs/COECSs, stabilization/solidification is not a viable option and is
eliminated from further consideration.

Reject

Dewatering

Dewatering is not an appropriate technology for soils and waste rock being considered for the Ballard Site because the material is unsaturated
(i.e., does not contain free liquid). As a result, dewatering is not an effective process option and is eliminated from further consideration.

Reject

Separation

Separation is a process whereby soils are slurried, and then passed through a gravity separation process to remove or extract organics.
Physical separation also can be implemented through the use of screens and grizzlies to break soils down into discrete sizes. Separation is
most effective where there is a significant difference in particle size and the constituents of concern are concentrated in a narrow range of sizes.
It is also effective where free metals are present and can be selectively removed. These conditions are not present in the impacted soils at the
Ballard Site; therefore physical separation is not a viable option and is eliminated from further consideration.

Reject

Chemical

Soil Washing

Soil washing is an agueous-based technology that generally uses a mechanical process to separate particles that contain contaminants. In
addition, aqueous chemicals (e.g., acids) can be used to extract COCs/COECs from the soil matrix. The COCs/COECs are captured in the
chemical solution and subsequently disposed at a permitted facility. Due to the large volumes of upland soils/waste rock and relatively low
concentrations of COCs/COECSs, soil washing is not a viable option and is eliminated from further consideration.

Reject

Chemical Oxidation

Chemical oxidation involves the addition of chemical agents to react with COCs/COECs in the soil to form oxidized by-products. Chemical
oxidation is effective for slurries and sludges containing organics and inorganics. It may be effective for fixation of some metals into insoluble
form that will not fail toxicity characteristic leaching procedure (TCLP) criteria. However, chemical oxidation has not been demonstrated to be
effective for all inorganics and treatment of the large volume of waste rock present at the Site would not be practical. As a result, chemical
oxidation is eliminated from further consideration.

Reject

Chemical Extraction

Chemical extraction is a technology that utilizes a multiple stage process in which soils are excavated, screened, washed with a surfactant or
other chemical extractant then separated. This technology has been used primarily for soils contaminated with a variety of organic constituents.
However, COCs/COECs at the Ballard Site are primarily inorganic and chemical extraction has not been demonstrated effective for removal of
these constituents. As a result, chemical extraction is not a viable option and is eliminated from further consideration.

Reject

Thermal

Incineration

Incineration is a thermal process where soil and other wastes are treated at elevated temperatures (1,400 to 2,200 °F) to volatilize and combust
contaminants. Heavy metals and radionuclides in the upland soil and waste rock would not be oxidized to a significant extent and would remain

Reject

The treatment technologies and/or process options in the shaded cells have been eliminated from further evaluation in Section 5.
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Table 4-2

Summary of Initial Upland Soil/Waste Rock Technology Screening
FEASIBILITY STUDY TECHNICAL MEMORANDUM #1
P4 Production LLC, Ballard Mine, Idaho

BALLARD MINE UPLAND SOIL/WASTE ROCK

General Response
Action

Treatment
Technologies

Process Options
Considered

Site Specific Considerations - Selection Rationale

Initial Screening Results

in the residual ash from the incinerator and likely would require proper off-site disposal in a commercial hazardous waste landfill. Additionally,
the volume of Site material makes thermal treatment impractical. Incineration is eliminated from further consideration.

Ex-Situ Treatment
(cont.)

Thermal (cont.)

Thermal Desorption

Thermal desorption is used to treat soil and sludge by heating the material (200 to 600 °F) to volatilize organic contaminants and separate them
from the solid matrix without combustion. The volatilized contaminants (vapors) are collected and treated by one or more off-gas treatment
technologies. However, COCs/COECs at the Ballard Site are inorganic and thermal desorption would not reduce concentrations of these
constituents. As a result, thermal desorption is not a viable option and is eliminated from further consideration.

Reject

Biological

Various ex-situ
processes

Ex-situ biological treatment of soils and solids consists of enhancing the biological degradation of organic constituents by microorganisms.
Biological treatment typically is implemented by creating favorable conditions for microbial activity to degrade organic constituents and is
generally effective for organics, but is not suitable for the Site COCs/COECs. As a result, biological treatment is not a viable option and is
eliminated from further consideration.

Reject

In-Situ Treatment

Physical

Stabilization/Solidification

In-situ stabilization (i.e. fixation) involves mechanical mixing of the solids in-place with stabilization agents to reduce the solubility or mobility of
the COCs/COECs. Various types of stabilization agents are available, including cement, fly ash, silica, bentonite, and various polymers. The
types of stabilization agents that are used depend on the chemical composition of the material being stabilized. Stabilization and fixation has
been shown to be effective for reducing the leachability of heavy metals. However, in-situ stabilization/solidification is not a viable treatment
processes because the volume of materials that would require stabilization/solidification is very large. Therefore stabilization/solidification is
eliminated from further consideration.

Reject

Soil Vapor Extraction

Soil vapor extraction is a common technology used for the remediation of soils containing volatile organic contaminants. The primary
constituents associated the Ballard Site are not volatile organic contaminants. As a result, soil vapor extraction is not a viable option and is
eliminated from further consideration.

Reject

Chemical

Various in-situ processes

In-situ application of chemical treatment processes has occurred at bench-scale levels in association with the remediation other CERCLA sites;
however, it would be difficult to assess overall performance (i.e., if complete treatment has been achieved) of in-situ chemical treatment
processes under full scale implementation. As a result, large scale in-situ chemical treatment processes is not a viable option for the Ballard
Site and is eliminated from further consideration.

Reject

Thermal

Vitrification

Vitrification is a thermal treatment process that immobilizes inorganic compounds and destroys organic compounds by electrically heating and
fusing the soil into a stable, glass-like block. Vitrification usually is performed on relatively small areas of contamination due to the high energy
consumption required to vitrify the matrix and is not implementable for the large quantities of impacted soil at the Ballard site. As a result, in-
situ vitrification is not a viable option and is eliminated from further consideration.

Reject

Thermal Desorption

In-situ thermal desorption (ISTD) uses thermal wells, paired with heated extraction wells to remediate COCs/COECs. Heat is applied to soil
from a high-temperature surface in contact with the soil (i.e., the thermal well), so that radiation and thermal conduction heat transfer are
effective near the heated extraction wells. ISTD primarily has been used to treat organic contaminants, which are not the primary constituents
associated the Ballard Site. As a result, thermal desorption is not a viable option for Site COCs/COECs and is eliminated from further
consideration.

Reject

Biological

Various In-situ processes

In-situ biological treatment of soils and solids consists of enhancing the existing biological degradation of organic constituents by
microorganisms. In-situ biological treatment processes would not be effective or implementable on COCs/COECs present at the Ballard Mine
site (i.e., metals and radionuclides). Biological in-situ treatment of upland soils/waste rock is eliminated from further consideration.

Reject

The treatment technologies and/or process options in the shaded cells have been eliminated from further evaluation in Section 5.
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Table 4-3

Recorded Stream Flows in Drainages that Originate in the Ballard Site
FEASIBILITY STUDY TECHNICAL MEMORANDUM #1

P4 Production LLC, Ballard Mine, Idaho

Ballard Creek Wooley Valley Creek
Year
MST067 MST066 | MST090 | MST089 | MST088
2004 0 0 0.0098 0 Dry
2006 0.10 0.62 - 3.4 6.2
2007 0 0.064 0.054 0.026 Dry
Runoff
Discharge 2008 0.034 0.12 0.071 0.26 2.4
(cfs)

2009 0.064 0.34 1.2 6.62 -
2010 Dry 0.18 0.28 0.46 --
2012 0.0039 0.22 0.06 0.02 -
2004 Dry Dry -- Dry --
2006 - - - - -
2007 Dry 0 Dry Dry Dry

Baseflow

Discharge 2008 Dry Dry Dry Dry Dry

(cfs)
2009 - - - - -
2010 - - - - -
2012 - - - - -
Notes:

cfs
Dry

cubic feet per second
no water present

water present but there was no observed flow or flow was so small as not to be measurable

with standard equipment.

Location not included in sampling program for this year.
Stations are arranged with upstream locations on a stream first.
Runoff measurements typically occur in May and only are planned to coincide with the
runoff period. The runoff flow measurement occurs during analytical sample collection and
does not typically occur precisely at peak flow. Baseflow measurements typically occur in

September.

Monitoring locations shown on Drawing 2-5.
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Table 4-4
Summary of Initial Surface Water Technology Screening
FEASIBILITY STUDY MEMORANDUM No.1
P4 Production LLC, Ballard Mine Site, Idaho

BALLARD MINE SURFACE WATER

General
Response
Action

Treatment
Technologies

Process Options
Considered

Site Specific Considerations - Selection Rationale

Initial Screening
Results

No Action

No Action

NA

The No-Action alternative is required for consideration under the NCP as part of the FS Process. The No-Action alternative would be considered if
remediation efforts cause substantial risk to human health or the environment during implementation or when the cost of remediation is excessive
compared to the benefits of the risk reduction achieved.

Retain

Limited Action
Response

Land-Use Controls
(LUCs)

Fencing™® and other
LUCs

Fencing could be erected to prevent access to the impacted surface water. Additionally, warning signs could be posted to deter surface water use.
Fencing/signage does not reduce the mobility, toxicity, or volume of COCs/COECSs; nor does fencing/signage prevent exposures to many
ecological receptors. However, fencing/signage may prevent human exposure to the COCs/COECs and preserve the integrity of the overall
remedy.

Retain

Institutional
Controls (ICs)

Government controls,
proprietary controls,
enforcement tools, and
informational tools to

limit Surface Water Use
(1)

Typical examples of governmental controls include zoning; state or local surface water use regulations; and sports/recreational fishing limits posed
by federal, state and/or local resources and/or public health agencies. Proprietary controls include acquisition of water rights to prevent future
agriculture of domestic use, easements that restrict use (also known as negative easements), and restrictive covenants. These types of controls
can prohibit activities that may compromise the effectiveness of the response action or restrict activities or future resource use that may result in
unacceptable risk to human health or the environment.

ICs do not reduce the mobility, toxicity, or volume of COCs/COECS; nor do ICs prevent exposures to many ecological receptors. However, ICs
may prevent human exposure to the COCs/COECs and preserve the integrity of the overall remedy. ICs are a viable option for the Ballard Site as
they help to limit human and ecological exposures.

Retain

Source Controls

Regrading/Capping

See Upland Soil/Waste
Rock (Table 4-1)

Examples of source controls for the Site surface water include those technologies that eliminate or reduce the contact of precipitation with the mine
waste rock. Regrading and/or capping an area are process options for limiting or eliminating water infiltration and percolation through the waste
rock. Surface water diversions may also be effective where non-impacted surface water runs onto the waste rock dumps.

Retain

Containment

Sediment Control
Basins

Retention
Basins/Serpentine
Channels

Retention basins capture storm water, resulting in a lower transport velocity, which allows sediment to settle before the water overtops the basin
spillway and is discharged. A portion or all of the water is retained in the pond and may either evaporate or infiltrate. Retention basins are a
common technology used as a Best Management Practice (BMP) for storm water management. This technology is used extensively at all of P4’s
more recent mines. Serpentine channels are another form of sediment control that may be used to slow surface water flow and encourage
sediment settlement. Retention basins and serpentine channels are viable options for the Ballard Site as they mitigate off-site transport of
contaminated sediment.

Retain

Wetlands

Constructed wetlands function as containment and sediment control process options by retaining surface water and reducing its flow velocity.
Biological processes then treat the surface water by removing some dissolved constituents. Wetlands also are discussed in biological treatment
below. However, they are included here under “sediment control basin” for their sediment containment and filtration function and are a possible
option for sediment containment at the Site.

Retain

Removal and
Disposal

Removal

Containment or
Removal Offsite

Removal of surface water is accomplished by collection and isolation in a pond or tank, typically for storage or treatment. Alternatively, a removal
action could be eliminating the water discharging from the waste rock to the surface water channels. This technology could possibly be a
component a larger remediation process; however, it is not a standalone option for surface water remediation, nor is there a removal action that is
truly implementable for surface water (i.e., it is not possible to contain or remove all surface water from the Site). As a result, removal as a
technology is eliminated from further consideration.

Reject

Disposal

Recycle/Reuse

Recycling of surface water would be dependent on water quality and quantity. Surface water sources at the Site are largely storm water, snow
melt runoff, and a few low-volume perennial seeps/spring. As such, the volume of water potentially to be managed fluctuates widely. Depending
on the quality of the collected surface water and the water quality requirements for the receiving location, some degree of treatment may be
required. Because the Ballard Mine is inactive, opportunities for recycling and reuse of the surface water are limited and would only be short-term
(e.g., dust control during remedial construction). Lack of demand and the possible short-term uses of collected surface water, this possible
disposal process option is eliminated from further consideration.

Reject

Land Application®

Land application is a viable option and would consist of applying surface water by irrigation. The allowable quality and quantity applied would
depend on land use, soil characteristics (e.g., attenuation potential), depth to groundwater, climatic conditions, and other factors. Some level of
treatment may be likely if bioaccumulation in the cultivated crops is a concern or infiltration to groundwater is an issue. Land application would be
appropriate spring through fall seasons, which coincides with the typical maximum discharge from the Site.

Retain

The treatment technologies and/or process options in the shaded cells have been eliminated from further evaluation in Section 5.
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Table 4-4
Summary of Initial Surface Water Technology Screening
FEASIBILITY STUDY MEMORANDUM No.1
P4 Production LLC, Ballard Mine Site, Idaho

BALLARD MINE SURFACE WATER

General
Response
Action

Treatment Process Options Initial Screening
Technologies Considered Site Specific Considerations - Selection Rationale Results

Surface water could be discharged back to the on-Site drainages after treatment. Continued input of water meeting standards would be a net
Treated Surface Water | benefit to the downstream Blackfoot River. A treated water discharge to the Blackfoot River system would require substantive compliance with the

Discharge® Clean Water Act. Retain

A specially designed infiltration trench or basin would have to be constructed at or near the Site for the infiltration process. There are three
feasible infiltration areas at the Site: 1) into the Wells Formation in a mine pit, 2) into the alluvium if gravel or permeable sands can be found, or 3)
into the basalt unit west of the Site. Some storage capacity, such as a small reservoir, would likely be necessary to address seasonal flow
Evaporation/Infiltration | variations. Evaporation during the summer and fall could assist in reduction of water volume in that reservoir prior to treatment. Retain
Disposal solely by evaporation would not require additional treatment, but would only be seasonally feasible, it is likely that the volume of the pond
D(iSDOS;U required for storage of the spring runoff would be large, and would be considered a consumptive use of the resource.

cont.

Removal and
Disposal
(cont.)

Discharge to a POTW would require a discharge permit and approval by the POTW. However, the Site is not reasonably close to any municipality _
POTW or other POTW. As a result, discharge to a POTW is eliminated from further consideration. Reject

Collected surface water could be injected directly into a groundwater aquifer using an injection well(s). The amount of injected water would be
dependent upon hydrogeological conditions, water quality, and potentially on State of Idaho and Underground Injection Control (UIC) regulations.
However, injection using wells is difficult to technically implement because of chemical and biological fouling, and would be no more effective than
an infiltration trench or basin at a far greater expense to construct and maintain. In an area of excessive aquifer depletion, surface water injection
could be favorable; however, this is not known to be the case in the Site vicinity. Accordingly, injection to groundwater is eliminated from further
consideration.

Separation consists of mechanical and gravity methods for bulk removal of suspended solids from surface water. This is a more mechanical
approach compared to the sedimentation basins discussed previously. Considering that most of the surface water COCs/COECs are in the
dissolved phase, separation would not be sufficient as a standalone process option, but could be incorporated into the treatment train of a larger Retain
treatment system. A simple settling pond or wetlands also could serve the same function, as discussed above in the containment section.
Because this technology could be part of a larger treatment system, it is retained.

Filtration is applicable for a wide range of solid sizes, but is not effective for removal of dissolved constituents. Filtration is primarily used for final
polishing downstream of gross solid/water separation. Although filtration of some solids may be incorporated into an overall treatment design, it
Filtration® would not be effective as a standalone technology for dissolved constituents. However, because this technology could be part of a larger treatment Retain
system, it is retained.

Injection Wells Reject

Solid/Water
Separation®

Ex-Situ Physical Adsorption uses various adsorbents such as ferrinydrite, activated alumina, activated carbon, etc. to remove dissolved phase constituents from
Treatment surface water. Adsorption is a viable option as it could be capable of removing constituents such as selenium to levels below clean up criteria.
) However, overall performance typically is related to site specific water chemistry and selenium speciation with certain forms of selenium being )
Adsorption more amenable to adsorption than others. This technology is retained for further screening. Retain

IX is a treatment technology in which cation and anion exchange resins are used to remove ions from water/wastewater. 1X resins are selected to
preferentially remove specific ions from the feed water and replace them with highly soluble, non-toxic forms. Due to generation and rinsing

lon Exchange (1X) requirements, the IX process would result in waste materials, which would require further handling and treatment. Fouling of the resin is also a Retain
concern. However, IX may be an appropriate option for arsenic and selenium in combination with other technologies and is retained for further
consideration.

The treatment technologies and/or process options in the shaded cells have been eliminated from further evaluation in Section 5.
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Table 4-4

Summary of Initial Surface Water Technology Screening
FEASIBILITY STUDY MEMORANDUM No.1
P4 Production LLC, Ballard Mine Site, Idaho

BALLARD MINE SURFACE WATER

General
Response
Action

Treatment
Technologies

Process Options
Considered

Site Specific Considerations - Selection Rationale

Initial Screening
Results

Ex-Situ
Treatment
(cont.)

Physical
(cont.)

Membrane
Technologies

Membrane technologies include reverse osmosis (RO), nanofiltration (NF) and electrodialysis/electrodialysis reversal (ED/EDR). RO and NF are
physical treatment processes in which pressurized water is passed through a semi-permeable membrane. ED is a very effective membrane
process that employs an electronic field as the driving force for separating a liquid influent into a concentrated waste stream and clean effluent.
EDR periodically alternates the current for cleaning of the membranes, which requires addition piping and controls. The membrane technologies
remove most dissolved particulate and ions from the water and can be the most effective method for reducing sulfate and TDS concentrations.
Depending upon the feedwater concentrations, the waste brine may be as much as 15-percent to 25-percent of the total feedwater flow. The brine
would require further handling and/or treatment prior to disposal. Membrane technology is a viable option and may offer advantages as an initial
treatment step to reduce the total amount of water treated by another primary method or it may also be effective as a final polishing step.

Retain

Chemical

Solvent Extraction

Solvent extraction is the separation of constituents from a liquid by contact with another immiscible liquid. Solvent extraction is effective on organic
constituents, but is not an effective treatment method for metals removal. Therefore, solvent extraction is not an appropriate technology for
COCs/COECs in Site surface water and is eliminated from further consideration.

Reject

Chemical Precipitation

Chemical precipitation is a treatment method in which dissolved metal ions and/or dissolved salts are precipitated in the form of insoluble salts.
Precipitation is the result of the addition of chemicals to reach chemical saturation and/or is achieved by varying the pH. The insoluble salts (the
precipitate) may be removed from the water using a combination of sedimentation, coagulation, flocculation, and/or filtration. Chemical precipitation
is a viable option as it is a commonly used technology for removal of metals.

Retain

Oxidation/Reduction

Chemical oxidation and reduction, such as ozonation, chlorination, hydrogen peroxide, and ultraviolet light, employs agents that raise or lower the
oxidation states of COCs/COECs. Oxidation/reduction reactions may improve the separation characteristics of inorganics and could be used with
other technologies for treatment of Site COCs. Biological reduction also is an effective method of treatment for selenium and the other Site COCs,
as such this process option is retained.

Retain

Thermal

Evaporation/Distillation

Evaporation is a process in which water is heated to the boiling point. The water vapor is condensed to form condensate (distilled water), which is
a clean product. The COCs/COECs are concentrated in the brine that remains following the heating process. Mechanical evaporation may be an
applicable process option for COCs/COECs in conjunction with other technologies.

Retain

Wet Air Oxidation

Wet air oxidation is a combustion process that occurs in the liquid phase by adding air at high temperatures and pressure. While the process is
effective at destroying organic compounds, it is not considered effective for inorganics. Therefore, wet air oxidation is not an appropriate
technology for COCs/COECs in Site surface water and is eliminated from further consideration.

Reject

Biological

Biological

Biological treatment involves the transformation, degradation, or fixation of contaminants by microorganisms. Bioreactor treatment can range from
simple field systems to more complex treatment plants. For example, microbial activities can transform organic components to intermediate by-
products and basic constituents (e.g., carbon and water), thus reducing concentrations of biodegradable organic compounds. The most common
form of biological treatment for metals and some non-metals, like selenium, is biological reduction using anaerobic bacteria followed by
precipitation or absorption of the COC/COEC. This reduction can also generate sulfide, which will result in the formation metal sulfides and thus
removing many cationic metals from solution. This process option may be conducted in an anaerobic wetlands or a bioreactor. Biological
treatment is becoming one of the most common and effective selenium treatment methods.

Simple systems may be characterized as in situ. P4 tested a bioreactor system for the treatment of dump seep water at the Site with favorable
results for selenium, arsenic, cadmium and several other metals (P4, 2011). The test system consistently produced treated water that had
selenium concentrations below the groundwater MCL (0.05 mg/L), but would need modifications to consistently meet the surface water standard of
0.005 mg/L, especially when the temperatures drop in the fall and the biological activity is reduced.

Retain

In-Situ
Treatment

Physical

Mechanical Aeration

Involves injecting air into a surface impoundment or channel containing the surface water to aerate the water and result in metal precipitation.
While this could be beneficial at some seeps and springs, the additional mechanical aeration is not like to aerate the water much beyond that what
naturally occurs currently at or near the seep/spring discharge locations. Mechanical aeration would not be effective for treatment of selenium or
many of the other Site COCs/COECs and is therefore eliminated from further consideration.

Reject

The treatment technologies and/or process options in the shaded cells have been eliminated from further evaluation in Section 5.
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Table 4-4

Summary of Initial Surface Water Technology Screening
FEASIBILITY STUDY MEMORANDUM No.1
P4 Production LLC, Ballard Mine Site, Idaho

BALLARD MINE SURFACE WATER
RC:sengrnasle Treatment Process Options Initial Screening
AcF;ion Technologies Considered Site Specific Considerations - Selection Rationale Results
Chemical agents are directly injected into the impacted water. For the reduction of the broad list of COCs/COECSs at the Site, this technology is not
Chemical Injection appropriate and is therefore eliminated from further consideration. e
(Oxidation /Hydrolysis) !
Permeable reactive barriers (PRB) consist of reactive materials placed in berm or cell in which the surface water must pass through. Typically, the
surface water is flowing under its natural gradient thereby creating a passive surface water treatment system. PRBs are commonly used for
Chemical shallow groundwater, but would be difficult to implement in a surface water configuration.
Permeable Reactive Reiect
In-Situ Barrier (PRB) |
Treatment
(cont.)
Thermal Thermal Desorption In-Situ Thermal Desorption (ISTD) is not an appropriate technology for the treatment of surface water and is eliminated from further consideration. Reject
In-situ and ex-situ biologic treatment are only significantly different in location of the system (i.e., above the ground or within treatment cells or
wetlands). As such, the above discussion of ex-situ biologic treatment is relevant here. A wetlands or bioreactor type system is a viable
Biological Biological technology for the treatment of the Site surface water COCs/COECs. Such a system if constructed directly in the seep location or in the stream Retain
channel could be considered in situ if flow was passive. Such systems have proven less expensive and effective for treatment selenium (CH2M
Hill, 2013).
Notes:

(1) — These technologies and process options would only be used as part of another technology, for example as a way to discharge treated water, or as part of a larger treatment system, e.g., filtration after chemical precipitation.

The treatment technologies and/or process options in the shaded cells have been eliminated from further evaluation in Section 5.
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Table 4-5
Summary of Initial Sediment/Riparian Soil Technology Screening
FEASIBILITY STUDY TECHNICAL MEMORANDUM #1
P4 Production LLC, Ballard Mine, Idaho

BALLARD MINE SEDIMENT/RIPARIAN SOIL
Rz::g;asle Treatment Process Option Sclrneltt;:ilng
Acti Technology Considered Site Specific Considerations - Selection Rationale
ction Results
The No-Action alternative is required for consideration under the NCP as part of the FS Process. The No-Action alternative would be considered if remediation
No Action No Action NA efforts cause substantial risk to human health or the environment during implementation or when the cost of remediation is excessive compared to the benefits Retain
of the risk reduction achieved.
Typical examples of governmental controls include zoning; state or local groundwater and surface water use regulations; and sports/recreational fishing limits
posed by federal, state and/or local resources and/or public health agencies. Proprietary controls include easements that restrict use (also known as negative
Government controls, easements) and restrictive covenants. These types of controls can prohibit activities that may compromise the effectiveness of the response action or restrict
I proprietary controls, activities or future resource use that may result in unacceptable risk to human health or the environment. State and tribal law typically authorize proprietary
Institutional Controls .
enforcement tools, and controls. Retain
(ICs) . X _
informational tools to limit
site access and activities | ICs do not reduce the mobility, toxicity, or volume of COCs/COECS; nor do ICs prevent exposures to many ecological receptors. However, ICs may prevent
human exposure to the COCs/COECs and preserve the integrity of the overall remedy. ICs are a viable option for the Ballard Site as they help to limit human
and ecological exposures and have been retained for further consideration.
Fencing could be erected to prevent access to all or portions of the impacted sediment/riparian soil. Warning signs could be posted to deter activities such as
Limited Action Fencing to limit site access harvesting culturally significant plants.
Response Land Use Controls and activities and or , . . - . . . Retain
(LUCs) signage to deter activities Fencing/signage does not reduce the mobility, toxicity, or volume of COCs/COECs; nor does fencing/signage prevent exposures to many ecological receptors.
" | However, fencing/signage may prevent human exposure to the COCs/COECs and preserve the integrity of the overall remedy. LUCSs are a viable option for the
Ballard Site as they help to limit human and ecological exposures and are retained for further consideration.
Monitored Natural Recovery (MNR) is a limited action response where ongoing, naturally occurring processes contain, destroy, or reduce the bioavailability or
Source Control (see toxicity of contaminants in sediment (USEPA, 2005). These natural processes are combined with long-term monitoring (LTM) to evaluate the reduction in risks
Upland Soil/ Waste Rock | to human health and the environment over time. In order to be successful, MNR relies on control of up gradient sources of contamination.
Monitored Natural table);_ , . . . . . . . . . . i .
Long-term Monitoring of Key advantages of MNR include its non-invasive nature and its relatively low implementation cost. Disadvantages of MNR include generally longer remediation Retain
Recovery (MNR) . L > ; ; : . o . . X A .
Sediment/Riparian Soil and | timeframes when compared with active remedies and uncertainties related to erosion/sedimentations rates and the resulting impacts to the secondary media
Culturally Significant (i.e., culturally significant plants). Considering the potential impact of sediment removal activities, MNR is a viable process option for the Ballard Site as it
Vegetation reduces exposure to Site COCs/COECs to human and ecological receptors over time without disturbance to stream channels and is retained for further
consideration.
In-situ capping - clean soil | Consists of placement of a clean material over the existing contaminated material that is intended to remain in place indefinitely. Existing vegetation would be
placed over the removed prior to construction of any cover system, and typically the cover system or portions of the cap would be revegetated with the appropriate seed mixture.
contaminated media; or Simple cover systems are constructed of granular materials, such as clean sediment, sand, or gravel. More complex cover designs can include geotextiles,
rock armoring/ liners, and other permeable or impermeable elements in multiple layers that may include additions of material to attenuate the flux of contaminants (e.g., organic
Cover Systems biostabilization - in_ert carbon). Reject
natural rock materials,
riprap, vegetation, and/or This process option is not retained because the dynamic nature of the intermittent streams (ongoing erosional and depositional forces) would make it difficult to
Containment wood debris placed over maintain a permanent cover system.
the contaminated media.
) ) Existing drainages would be straightened and lined to isolate contaminated sediment/riparian soil. Although the remedial design may include areas of
o Str_alghten and line channelized drainages to divert surface water away from sources of contamination or covers/caps on Site, channelization is not retained as a remedial :
Channelization sections of the natural technology for sediment/riparian areas and their soil. Channelization is not a viable process option because the resulting loss of ecological habitat likely would Reject
drainages outweigh the risk reduction that would result from channelizing the intermittent drainages.
Sediment traps or basins would be constructed in the drainages to capture contaminated sediment before they are transported further downstream. The
sediment traps/basins would require periodic maintenance to clear and dispose of the accumulated sediment. These likely would be most useful where there
Removal and Removal Sediment traps/basins in | are clearly defined swales or channels in the intermittent streams. .
Disposal specific locations ) ) ) _ o ) _ ) ) Retain
Sediment traps are a viable process option for the Ballard Site as they would help to reduce migration of Site contaminants and would be incorporated into the
overall Site remedy.

The treatment technologies and/or process options in the shaded cells have been eliminated from further evaluation in Section 5.
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Table 4-5

Summary of Initial Sediment/Riparian Soil Technology Screening
FEASIBILITY STUDY TECHNICAL MEMORANDUM #1
P4 Production LLC, Ballard Mine, Idaho

BALLARD MINE SEDIMENT/RIPARIAN SOIL
neral . Initial
Rz: gnas.e Treatment Process Option Scre;:in
P Technology Considered Site Specific Considerations - Selection Rationale 9
Action Results
Conventional excavation involves the use of excavation equipment such as hydraulic excavators, backhoes, trackhoes, scrapers, front end loaders, and/or
. . bulldozers. Excavation is a viable process option and could be implemented at various locations where the more highly contaminated materials might be
Conventional excavation - . . . : : ; T -
excavated for consolidation with upland soils and waste rock during the remedial action. Excavation work would result in disturbance to existing stream
channels, which may outweigh risk reductions from removal of the material.
Suction Dredging/Hydraulic This process uses high-capacity pumps to remove water-slurried sediment. This process option is not viable and is not retained because it is assumed that the _
Pumping sediment/riparian soil can be more easily removed using the conventional excavation techniques described above. Reject
The excavated sediment/riparian soil would be consolidated in the upland areas and covered and/or treated along with the upland soil/waste rock. The
. — COCs/COECs in the sediment/riparian soil are sourced from the upland soil; therefore, the selected remedy for the upland soil also would be effective for the
On-Site consolidation and ) o .
. sediment/riparian soil. .
disposal of excavated Retain
Disposal materials . o : : C . . . . L . . .
On-site consolidation is a viable process option and would be beneficial in reducing the overall footprint of impacted sediment and riparian soil and is retained for
further consideration.
Off-Site transport and The excavated sediment/riparian soil would be transported off-Site and disposed of at a permitted treatment and disposal facility. Although technically
disposal of excavated implementable, offsite disposal is not retained because any sediment/riparian soil that are excavated likely would be consolidated and remediated along with the Reject
materials contaminated soil/waste rock in the mined area (see Section 4.1).
In-situ S/S typically involves the addition of binding agents to an area of sediment/soil, followed by in-place mixing with the bucket of a backhoe to stabilize the
e A . sediment/riparian soil in place. Ex-situ S/S field processes involve excavation and staging of the solids, screening to remove large diameter materials, blending .
Solidification/Stabilization Various amendments S - : ) . ; . ; ; : : ; Retain
the binding agents, and stockpiling treated solids for testing prior to shipment off site or placement back in the excavation. S/S is a viable process option for the
Ballard Site as it could be used to reduce the mobility of contaminants thereby reducing exposure to COCs/COECs to human and ecological receptors.
Vitrification is an in-situ or ex-situ thermal-treatment process that immobilizes inorganic compounds and destroys organic compounds by electrically heating and
. fusing the soil into a stable, glass-like block. The vitrification process is highly energy consumptive and is typically suitable for highly contaminated media and
P High-temperature . - : ; oA ! . . A .
Vitrification solidification relatively small areas of contamination. Although technically implementable, vitrification is not retained from further consideration because of the distribution and Reject
relatively low concentrations of COCs/COECs in the sediments/riparian soils, high energy costs associated with the process, and other technologies that are
more suitable for the Site COCs/COECs.
In-Situ/Ex-Situ Soil washing (chemical extraction) is a process where aqueous chemicals (e.g., acids) are used to extract COCs/COECs from the sediment/riparian soil matrix.
Treatment The COCs/COECs are captured in the chemical solution and subsequently disposed at a permitted facility. Soil washing typically is performed on excavated
Soil Washing Chemical extraction soil, but also can be performed in situ if site conditions allow the chemicals to be injected into and extracted from the undisturbed substrate. Although this Reject
technology might be technically implementable, this process option is not retained for further evaluation given the low concentrations of COCs/COECSs, and the
volume and distribution of sediment/riparian soil at the Site.
Phytoremediation is an in-situ strategy that uses vegetation to remove COCs/COECs from the sediment/riparian soil. Specifically, phytoextraction is the process
where plant roots uptake metal contaminants from the soil and translocate them to the above-ground plant tissues. Phytoextraction would involve controlled
Phvtoremediation Phvtoextraction planting, harvesting, and off-Site disposal of plants with suitable characteristics (e.g., heavy-metal tolerant, fast growing, profuse root systems, high Reiect
Y Y bioaccumulation factor). Although technically implementable, the process of planting and harvesting plants containing the Site contaminants only transfers the J
COCs/COECs to a secondary medium that then has to be harvested, handled and properly disposed. As a result, phytoremediation is not a viable treatment
technology and is not retained for further analyses.

The treatment technologies and/or process options in the shaded cells have been eliminated from further evaluation in Section 5.
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Table 4-6

Summary of Initial Groundwater Technology Screening
FEASIBILITY STUDY MEMORANDUM No.1
P4 Production LLC, Ballard Mine Site, Idaho

BALLARD MINE GROUNDWATER

General Treatment Process Initial
Response T . Options Site Specific Considerations - Selection Rationale Screening
Actions EelEEles Considered Results
The No-Action alternative is required for consideration under the NCP as part of the FS Process. The No-Action alternative would be considered if remediation efforts
N . . cause substantial risk to human health or the environment during implementation or when the cost of remediation is excessive compared to the benefits of the risk .
0 Action No Action NA . . Retain
reduction achieved.
Fencing or other LUCs may be important for security (prevent vandalism to wells and associated equipment). Fencing/signage does not reduce the mobility, toxicity, or
Land-Use . . . ; . ; - .
Fencing and volume of COCs/COECSs; nor does fencing/signage prevent exposures to many ecological receptors. LUCs alone would be ineffective for preventing exposure to .
Controls oo ; : : Reject
(LUCs) other LUCs groundwatgr and are not a standalone technology for limiting exposure to groundwater at the Site. As a result, fencing and LUCs are not retained for further
consideration.
Government ICs are administrative responses that are implemented to limit human and, in some cases, ecological exposures. ICs achieve RAOs by limiting land or resource
controls, use/access, and providing information that helps modify or guide human behavior at locations where COC concentrations prevent unlimited use and unrestricted
proprietary exposure. ICs are a viable option for the Ballard Site and are retained for further consideration.
controls,
Institutional enforcement Retain
Controls (ICs) tools, and
informational
tools to limit
Limited Action Groundwater
Response Use
MNA is a remedy designed specifically to observe the stabilization and reduction of a groundwater plume in situ without active remedial intervention in the plume. The
treatment mechanism relies on natural attenuation process like sorption and chemical transformation. MNA is a viable option for the Ballard Site and is retained for further
consideration.
Monitored
MNA Natural Retain
Attenuation
. See Upland Source controls include actions that reduce or eliminate constituent migration to groundwater from known and potential source areas. Grading the existing waste rock
Source Regrading/ il/lWaste Rock | and/or lyin ver system or ing is an alternative for limiting water infiltration and percolation through the waste rock. Sour ntrols are retained for further Retain
Controls Capping Soil/Waste Rock | a or applying a cover system or capping is an alternative fo g water ation and percolation through the waste rock. Source controls are retained for furthe etal
Table 4-1 consideration. These source control technologies will need to be coupled with an approach for managing the current COC plumes downgradient of the sources.
Extraction wells would be comprised of pumping wells designed to create a hydraulic barrier or hydraulic control by intercepting the flow of impacted groundwater.
Extraction Wells Extr_acted groundwate_r likely wc_)uld require treatment prior to disposal or reuse. Depend_ing on t_he necess_ity and location, extraction wells could be used in the deeper Retain
aquifer (Wells Formation,) but likely would have limited use in the shallow aquifer associated with contaminated groundwater because of the shallow stratigraphy.
Extraction wells are retained for further consideration.
An extraction trench is a viable option and would consist of an open or gravel backfilled trench which is keyed into an underlying clay layer. The extraction trench would
. . . Extraction be designed to create a hydraulic barrier by intercepting the flow of impacted groundwater similar to an extraction well barrier. Extracted groundwater would likely require .
Containment | Vertical Barriers Trenches treatment prior to disposal or reuse. Depending on the necessity and location, extraction trenches could be used in the shallow aquifer groundwater plume, but would not Retain
be technically implementable in the much deeper Wells aquifer.
An injection well would be similar to the extraction well option, except that water would be injected into the aquifer to form a hydraulic barrier by increasing the water level
Injection Wells down gradient of the impacted portion of the aquifer. This option would require a large amount of clean water to be injected into the subsurface. Given the Reject

hydrogeological conditions in the underlying aquifers, injection wells would not be technically practical or implementable. As a result, injection wells have been eliminated
from further consideration at the Site.

The treatment technologies and/or process options in the shaded cells have been eliminated from further evaluation in Section 5.
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Table 4-6
Summary of Initial Groundwater Technology Screening
FEASIBILITY STUDY MEMORANDUM No.1
P4 Production LLC, Ballard Mine Site, Idaho

BALLARD MINE GROUNDWATER

General Treatment Process Initial
Response T ; Options Site Specific Considerations - Selection Rationale Screening
Actions CEINEEES Considered Results

Slurry walls usually are constructed by excavating materials to the required depth, and backfilling with a mixture of fine-grained soils and bentonite clay. Grout walls can be
Containment | Vertical Barriers | Cut-off (Slurry or cpnstructed i_n a similar manner, replacirjg the excavated material with cement or silica gel grout mixture. Grout walls typicall_y are c_onstructed by drilling ovgrlapping large _
(cont.) (cont.) Grout) Wall diameter b_ormgs and backfilling them with cement grout. Cu';-off wa_lls would be a potential remedy only for t_he shallow alluvial aquifer, and would be _effe_ctlve o_nly if Reject
‘ ’ coupled with groundwater extraction from behind the wall. It is considered that a cut-off wall could be a possible enhancement to groundwater extraction in a unique
situation, but not as a standalone or primary option. As a result, cut-off walls for contaminated groundwater have been eliminated from further evaluation.
Groundwater extraction is a viable option and would be accomplished by installing a sufficient number of wells to result in capture of the groundwater COC plume with the
] combined objectives of hydraulic containment and reducing COC concentrations over time. Extraction would be performed in conjunction with ex-situ treatment and some )
Removal Pumping type of disposal, whether land application, discharge to a surface impoundment, or recycling/reuse as presented below. Retain
Recycling of groundwater is a viable option and would be dependent on the water quality and quantity. Depending on the quality of the extracted groundwater and the
water quality requirements for the receiving location, some degree of treatment may be required. Because the Ballard Mine is inactive, opportunities for recycling and .
Recycle/Reuse reuse of the groundwater are limited and would only be short-term (e.g., dust control during remedial construction). This process option is retained for further Retain
consideration.
Land application would consist of applying discharged groundwater to an area using irrigation. The allowable quality and quantity applied would depend on land use, soil
characteristics (e.g., attenuation potential), depth to groundwater, climatic conditions, and other factors. Land application could be a beneficial use if the water is used for
irrigating crops. Some level of treatment would be needed if bioaccumulation in the cultivated crops is a concern, or infiltration to groundwater is an issue. Because
Land Application | groundwater recovery and treatment is not likely to vary much seasonally, land application may have to be coupled with seasonal storage or another alternative. This Retain
process option is retained for further consideration.
Removal and
Disposal Discharge to surface water would be an effective method for disposal of treated groundwater from the Site. Due to elevated selenium concentrations in the Blackfoot
Disposal Discharge to River, additional requirements may be required to reduce the MDL of selenium being discharged. If no further degradation is a requirement, it is unlikely that anything but Retai
Surface Water | highly treated groundwater could be discharged to the Blackfoot River. This process option is retained for further consideration. etain
Evaporation/ Discharg_e to an evaporation/infiltra;ion trench or basin would require treatr_nent of the groundwater_ before ilt is discha_lrged to an infiltration basin. Disposal solely by _ _
Infiltration Basin evgporatlon Wou!d n_ot require additional treatrr_lent, put would only be feasible seasonally. A specially designed basin(s) would have to be constructed at or near the Site. Retain
This process option is retained for further consideration.
Discharge to a POTW would require a discharge permit and approval by the POTW. The Site is not close to any municipality or other POTW. As a result, discharge to a
POTW POTW is eliminated from further consideration. Reject
Following treatment, extracted groundwater could be reinjected directly into the aquifer using an injection well(s) to replace a portion of the extracted volume. The amount
Reinjection of reinjected water would be dependent upon hydrogeological conditions, water quality, and potentially on State of Idaho and Underground Injection Control (UIC) .
Wells regulations. However, reinjection using wells is more difficult to implement and may be no more effective than an infiltration trench or basin, while typically being much Reject
more expensive to construct and maintain. As a result, reinjection is eliminated from further consideration for use at the Site.
i Separation consists of mechanical and gravity methods for bulk removal of suspended solids from groundwater. Considering that most of the Site groundwater
Solid/ Water | constituents are in the dissolved phase, separation would not be sufficient as a “standalone” technology, but could be incorporated as a viable process option into the Retain
Separation treatment train of a larger treatment system. For example, a clarifier is often a component of a chemical precipitation process.
Filtration is applicable for a wide range of solid sizes, but primarily is used for “polishing” the final effluent prior to discharge. Often filtration is used downstream of gross
Ex-Situ Physical Filtration solid/water separation and likely that would be the most viable location for filtration in any treatment process that might be implemented for Site water treatment. Filtration Retain
Treatment would not be effective for dissolved constituents. Although filtration of some solids may be incorporated into an overall Site water treatment design, it would not be
effective as a standalone technology for the dissolved constituents detected in Site groundwater.
Adsorption uses various adsorbents to remove dissolved phase constituents from groundwater. Adsorption would be capable of removing selenium and arsenic to levels
Adsorption below cleanup criteria. The influent pH may need to be increased to improve the efficiency of this technology. This technology is a viable option and also can be used as Retain

a polishing step for the final treated effluent and, as such is retained for further consideration.

The treatment technologies and/or process options in the shaded cells have been eliminated from further evaluation in Section 5.
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General Treatment Process Initial
Response ; Options Site Specific Considerations - Selection Rationale Screening
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lon exchange is a process option in which cation and anion exchange resins are used to remove ions from water/wastewater. Due to the limited capacity of ion exchange
resins, regeneration or replacement of the resin is required, thus the ion exchange process would result in waste materials which would require further handling and )
lon Exchange | management. lon exchange is a viable option for arsenic and selenium, possibly in combination with other technologies. Retain
Physical
(cont.) Membranes technologies include reverse osmosis (RO), electrodialysis/electrodialysis reversal (ED/EDR), and nandfiltration (NF). RO and NF are physical treatment
Membran_e processes in which pressurized water is passed through a semi-permeable membrane. ED is a very effective membrane process that employs an electric field to separate )
Technologies | |iquid influent into a concentrated waste stream and clean effluent. Membrane technologies are viable ex-situ process options and could be used to treat COCS/COECs Retain
(RO/ED/NF) | found in Site groundwater and are retained for further consideration.
Solvent extraction is the separation of constituents from a liquid by contact with another immiscible liquid. Solvent extraction is effective on organic constituents and some
Solvent metals, but is not proven to be an effective treatment method for selenium. Therefore, solvent extraction is not a viable technology and is eliminated from further Reject
Extraction screening.
Chemical precipitation is a treatment method in which dissolved metal ions and/or dissolved salts are precipitated in the form of insoluble salts. Chemical precipitation is a
Chemical Chemical commonly used technology for removal of metals and is effective for selenium, arsenic and cadmium and is retained for further consideration. _
) Precipitation Retain
Ex-Situ
Treatment - —— - - — - - - - —
(cont.) o Chemical oxidation and reduction, such as use of ozonation, chlorination, hydrogen peroxide, and ultraviolet light, employs agents that raise or lower the oxidation states
' Oxidation/ of COCs. Oxidation/reduction reactions have been demonstrated as a standalone process for treatment of organics in groundwater. In the case of inorganics, such as Retain
Reduction arsenic and selenium, oxidation/reduction may improve the separation characteristics and would be used with other technologies for treatment of Site COCs
Evaporation/ Evaporation is a process in which water is heated to the boiling point. The water vapor is condensed to form condensate (distilled water) which is a clean product. Retain
Distillation Mechanical evaporation may be an applicable process option for COCs in conjunction with other technologies.
Thermal ) Wet air oxidation is a combustion process that occurs in the liquid phase by adding air at high temperatures and pressure. While the process is effective at destroying
LA organic compounds, it is not considered effective for inorganics. Therefore, wet air oxidation is not a viable technology for COCs in Site groundwater and is eliminated Reject
Oxidation from further screening.
Biological treatment involves the transformation, degradation or fixation of contaminants by microorganisms. The most common form of biological treatment for metals and
some non-metals, like selenium, is biological reduction using anaerobic bacteria followed by precipitation or absorption of the COC. This may be conducted in anaerobic
wetlands, a pond, or a bioreactor, as examples. Bioreactor treatment can range from simple field systems to more complex treatment plants. P4 tested a bioreactor
Biological Biological system for the treatment of dump seep water at the Site with favorable results for selenium, arsenic, cadmium and several other metals that would be a concern if the Retain
discharge was routed to surface water (P4, 2011). The system test consistently produced treated water that had selenium concentrations below the groundwater MCL
(0.05 mg/L).
) Mechanical Mechanical aeration would involve injecting air into the subsurface, similar to that done as part of air sparging to oxidize COCs. Mechanical aeration would not be )
Physical Aeration effective for treatment of selenium or the other Site COCs and therefore is_eliminated from further consideration. Reject
Chemical injection is a viable option for the treatment of Site COCs/COECs in groundwater. The injected chemical agents, either oxidizing or reducing compounds,
Qi . interact with the constituents in the groundwater plume to neutralize, precipitate, immobilize, fixate, or destroy the COCs. Issues associated with chemical injection include
In-Situ Chemical k X . ) ; . . .
S heterogeneity of subsurface sediments that result in areas that go untreated, production of undesirable by-products, and incomplete reactions. The primary treatment
Treatment . Injection ; . L - . . : ) . . . .
Chemical (Oxidation method for selenium and the other constituents would be in-situ reduction using a chemical such as calcium polysulfide. Such chemical reduction can have the benefit of Retain
IHydrolysis) developing a favorable environment for the growth of anaerobic bacteria resulting in long-term biological reduction treatment. The chemicals used for treatment may be

injected throughout the aquifer to reduce the total contaminant mass in the plume or in zones as source control or to contain the plume migration as discussed below.
This option is retained for further consideration.

The treatment technologies and/or process options in the shaded cells have been eliminated from further evaluation in Section 5.
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General Treatment Process Initial
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Permeable
Reactive Barrier . . L S . . .
(PRB) / These technologies are discussed together because both are closely related and have been applied in combination at several sites. Permeable reactive barriers (PRB)
Chemical . consist of reactive materials placed in a trench or cell in which the groundwater must pass through. Typically, the groundwater is flowing under its natural gradient thereby ;
Chemical . . ; ) . oo ) . . Retain
) creating a passive treatment system. PRBs installed at P4’s South Rasmussen Mine utilize limestone gravel, alfalfa, and wood chips to promote bacterial action have
Injected L ) . . : ] .
Reductive been very effective in reducing multiple constituents, including those considered COCs/COECs at Ballard.
Reaction Zone
In-Situ
Treatment In-Situ Thermal Desorption (ISTD) uses thermal wells, along with heated extraction wells, to remediate COCs. Heat is applied using a high-temperature surface in contact
(cont.) with the groundwater and aquifer matrix, so that radiation and thermal conduction heat transfer are effective near the heated extraction wells. ISTD primarily has been
Thermal Thermal used to treat organic contaminants. This technology has limited effectiveness for the Site inorganic COCs and is eliminated from further consideration. Reiect
Desorption J
In-situ biological treatment of groundwater uses the same principles of ex-situ biological treatment. It consists of enhancing the biological transformation constituents by
Biological Biological microorganisms to less mobile species. In-situ biological treatment may be facilitated by introducing a carbon source and nutrients to the treatment zone. Therefore, in- Retain

situ biodegradation is a viable technology for COCs detected in Site groundwater.

The treatment technologies and/or process options in the shaded cells have been eliminated from further evaluation in Section 5.
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5 FINAL SCREENING OF REMEDIAL TECHNOLOGIES

This section further screens the potentially applicable remedial technologies and associated process
options identified in Section 4.0 for anticipated effectiveness, potential implementability, and order

of magnitude cost estimates.

The goal of this final technology-screening step is to further reduce the number of retained process
options to a subset consisting of only the most viable technologies that ultimately will be used to
develop remedial alternatives for the Site. Additional details regarding these evaluations are

discussed below.

e Effectiveness Evaluation. The primary measure of effectiveness used in the final
screening is the degree to which a remedial technology/process option would contribute
to achievement of the RAOs for the Site. Other effectiveness criteria specified in

Section 4.2.5.1 of the RI/FS Guidance include:
V" The capacity to handle the estimated areas or volumes of media to be remediated;

v" Potential impacts to human health and the environment during the construction and

implementation phase; and

V" The demonstrated reliability with respect to the COCs/COECs and conditions at the

Site.

Process options were also evaluated on the basis of effectiveness relative to other process
options within the same technology type to reduce the process options to one or two for

each technology.

e Implementability Evaluation. The technical and administrative feasibility of
implementing retained technologies or process options is further considered during the

final evaluation of the remaining technologies. The implementability evaluation follows

RI/FS Guidance, which states:

“...technical implementability is used as an initial screen of technology types and
process options to eliminate those that are clearly ineffective or unworkable at a
site. Therefore, this subsequent, more detailed evaluation of process options
places greater emphasis on the institutional aspects of implementability, such as

the ability to obtain necessary permits for offsite actions, the availability of
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treatment, storage, and disposal services (including capacity), and the availability

of necessary equipment and skilled workers to implement the technology.”

e Cost Evaluation. Cost analyses are performed based on EPA guidance documents,
experience in costing similar projects, independent estimates, and engineering judgment.
The costs of implementing process options relative to other options in the same
technology type were estimated as high, moderate, and low for both capital costs and the
operation and maintenance (O&M) costs. Where applicable, the volume/atrea estimates
contained in Section 4.0 are considered in estimating the anticipated costs of each
process option. In accordance with the RI/FS Guidance, those process options providing
similar effectiveness at significantly higher relative costs are eliminated from further

consideration in this final screening stage.

The remedial technologies and process options that are retained from this final screening step will
be assembled into several comprehensive remedial alternatives for each of the impacted Site media
in the second technical memorandum (Ballard FS Memo #2) as described below in Section 5.2.
This iterative process allows the development of remedial alternatives to be streamlined by limiting

the number of technologies for each medium requiring remediation.

5.1 MEDIA-SPECIFIC TECHNOLOGY SCREENING

A summary of the detailed technology screening performed for each of the Site media is included on

the following tables:
e Table 5-1 — Upland Soil/Waste Rock
e Table 5-2 — Surface Water
e Table 5-3 — Sediment/Ripatian Soil
e Table 5-4 — Groundwater

Additional information regarding the individual remedial technologies and more specific detail

regarding the effectiveness, implementability, and cost criteria screening is presented in Appendix

B.

Based on the screening presented in these tables the following technologies have been retained for

each medium:
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5.1.1 Upland Soils/Waste Rock

5.1.1.1 No-Action
e No-Action — Evaluation of the No-Action alternative is required by the NCP as a point
of comparison with other alternatives. As a result, No-Action alternative is included for

all of the media requiring remediation.

5.1.1.2 Limited Action Response
e Institutional Controls — Proprietary and governmental controls are effective at limiting
access and direct human exposure to COCs in upland soil, associated vegetation, and

waste rock on the Site. ICs are typically a component of an overall Site remedy.

e Land Use Controls — Fencing is effective at limiting access and direct exposure to

COCs/COECs on the Site. Fencing is typically patt of an overall Site remedy.

5.1.1.3 Containment
e Multi-Layered Cap — Multi-layer caps are effective for protection of groundwater and

minimizing direct exposute and ingestion of all Site COCs/COECs.

e Evapotranspirative (ET) Soil Cover — ET caps are used to prevent future
groundwater impacts and to minimize direct exposure and ingestion of Site

COCs/COECs when applied with other ICs (e.g., fencing and deed restrictions).

e Soil Cover Cap — Soil cover caps would limit contaminant migration and exposure to

gamma radiation.

e Soil Grading — Soil grading is retained as a component of an overall Site remedy that

meets the RAOs.

5.1.1.4 Removal and Disposal
e Conventional Excavation — Conventional excavation is an ancillary activity to other
treatment, disposal, or reuse options. Conventional excavation would be necessary in

conjunction with On-Site Consolidation, or On-Site Disposal (i.e., backfilling of existing
pits).
e On-Site Disposal — Consolidation and On-Site Disposal (i.e., backfilling of pit or pits)

may be the most feasible method for remediating the large volumes of upland soil/waste

rock.
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5.1.2 Surface Water

5.1.2.1 No-Action

e No-Action — As discussed above, evaluation of the No-Action alternative is required by

the NCP as a point of comparison with other alternatives.

5.1.2.2 Limited Action Response
e Institutional Controls — Proprietary and governmental controls effective at limiting
access and direct human exposure to COCs in impacted surface water. ICs are typically

a component of an overall Site remedy.

¢ Land Use Controls — Fencing is retained because it would effectively limit access and
exposures to some receptors. Fencing typically is a component of an overall Site

remedy.

5.1.2.3 Source Controls
e Source Controls — Source controls in the upland soil/waste rock are likely to be a

critical component of an overall Site surface water remedy.

5.1.2.4 Containment
e Retention Basins — Retention basins are a standard BMP that can be used to help

reduce the transport of COCs/COECs off-Site.

5.1.2.5 Removal and Disposal
e Treated Discharge to Surface Water — Treated discharge to surface water is retained
because a NPDES permit could be obtainable considering that the volumes of treated
discharges would be similar to current flows, and because COC/COEC concentrations
in the treated discharge would be below current concentrations, risk levels and cleanup

levels.

e Evaporation/Infiltration Basins or Trench — Evaporation/infiltration basins only
would be considered for surface water if a NPDES permit could not be obtained to

allow discharge back to Site drainages.
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5.1.2.6 Ex-Situ Treatment
e Solid/Water Separation — Rejected as standalone treatment because a large portion of
the surface water COCs/COZEC s are in the dissolved phase, but retained for possible use

in conjunction with other treatment options.

Filtration — Filtration is not retained as standalone treatment because most of the
groundwater COCs/COECs are in the dissolved phase. However, filtration could be

used in conjunction with other treatment options.

Membrane Technologies — Membrane technologies atre retained because they are
highly effective for treating all of the Site COCs/COECs. However, the brine stream

from this process would require additional treatment or management.

Chemical Precipitation — Chemical precipitation is retained as a treatment technology
for removal of metals and/or selenium. May require other ex-situ process options
including reduction for selenium and separation/filtration to complete the treatment

train, depending on the discharge requirements.

Oxidation/Reduction — Not retained as a standalone treatment because it would not
by itself reduce COC/COEC concentrations sufficiently. However, oxidation/reduction
is retained as a treatment step because it may be necessary to reduce influent surface

water for improved selenium removal efficiency in the chemical precipitation process.

Ex-Situ Biological — Ex-situ biological treatment is retained because the technology

was demonstrated at the Ballard Site.

5.1.2.7 In-Situ Treatment

e In-Situ Biological — In-situ biological treatment is retained because a passive treatment
technology could be suitable for residual seep and spring treatment following source

controls (e.g., waste rock capping).

5.1.3 Sediment/Riparian Soil
5.1.3.1 No-Action

e No-Action — As discussed above, evaluation of the No-Action alternative is required by

the NCP as a point of comparison with other alternatives.

Ballard Mine Feasibility Study Memo #1 Page 5-5
May 2016



5.1.3.2 Limited Action Response
e Institutional Controls — Deed restrictions may be the most feasible option to reduce
human health risks along the entire reach of the impacted intermittent drainages, and

because some form of ICs likely will be a component of an overall Site remedy.

e Land Use Controls — Fencing may be a feasible option to reduce human health risks in

the intermittent drainages, and could be a component of an overall Site remedy.

e Monitored Natural Recovery (MNR) — MNR may be a feasible option to reduce both
human health and ecological risks with no man-made physical disruption in the
intermittent drainages; and could be a component of an overall Site remedy. Because the
majority of the Site drainages are under P4 control, and will be for the foreseeable future,
human exposures to these areas are limited, and both human and ecological risks could

be mitigated over time by MNR processes.

5.1.3.3 Removal and On-Site Disposal
e Sediment traps/basins — Sediment traps/basins could speed achievement of the
RAOs, particulatly if coupled with other technologies (e.g., MNR and/or ICs, source

controls).

e Removal and On-Site Disposal — Removal and On-Site Disposal could be
implemented and would meet the RAOs assuming source controls are implemented in

the upland soil/waste rock.

5.1.4 Groundwater

5.1.4.1 No-Action

e No-Action — As discussed above, evaluation of the No-Action alternative is required by

the NCP as a point of comparison with other alternatives.

5.1.4.2 Limited Action Response
e Institutional Controls — ICs are retained because they may be the most feasible option
to reduce human health risks posed by groundwater and because some form of ICs likely

will be a component of an overall Site remedy.
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e Monitored Natural Attenuation (MNA) — Given Site conditions, MNA should be
considered a viable technology for portions of or whole groundwater COC plumes at the

Site pending further evaluation.

5.1.4.3 Source Controls
e Source Controls — Source controls (i.e., grading, cover system, etc.) in the upland

soil/waste rock are likely to be a critical component of an overall groundwater remedy.

5.1.4.4 Containment
e Extraction Wells (alluvial unit only) — Use of extraction wells to form a complete
hydraulic barrier for all alluvial plumes is not likely to be feasible. However, an
extraction well system could be moderately effective and implementable as a barrier for
select areas in the alluvial unit, especially where the depth to groundwater or depth to the
bottom of COC contamination may be beyond the reach of a trench system. The

extraction wells would need to be coupled with treatment and/or disposal options.

e Extraction Trenches (alluvial unit only) — Extraction trenches could be effective for
intercepting shallow alluvial plumes. Installation could be relatively straightforward to
implement in some areas. In other areas, depth to groundwater may be an impediment.

The trenches would need to be coupled with treatment and/or disposal options.

5.1.4.5 Removal and Disposal
e Pumping (Wells Formation only) — Pumping, using extraction wells, is one of the only
practicable removal technologies for plume remediation in the Wells Formation even
though the effectiveness could be low. The Wells Formation aquifer is extensive and

achieving sufficient drawdown could be difficult.

e Evaporation/Infiltration Basin — Implementable on-Site and could be used for

reintroducing treated groundwater into the aquifer with a low to moderate cost.

5.1.4.6 Ex-Situ Treatment
e Solid/Water Separation — Solid/water separation is not retained as standalone
treatment because it would not by itself reduce COC/COEC concentrations sufficiently,

but is retained for possible use in conjunction with other treatment options.
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Filtration — Filtration is not retained as standalone treatment because most of the
groundwater COCs/COECs are in the dissolved phase. However, filtration could be

used in conjunction with other treatment options.

Membrane Technology — Highly effective for treating all of the Site COCs/COECs.
However, the brine stream from this process would require additional treatment or

management.

Chemical Precipitation — Retained as a treatment technology for removal of metals
and/or selenium. Likely would require other ex-situ process options (e.g.,
separation/filtration and selenate reduction) to complete the treatment train, depending
on discharge requirements. Generates a sludge that would require management and

disposal.

Oxidation/Reduction — Oxidation/Reduction is not retained as a standalone treatment
because it would not by itself reduce COC/COEC concentrations sufficiently.

However, oxidation/reduction could be useful as a treatment step (component) to
reduce selenate in influent groundwater for improved selenium removal efficiency in the

chemical precipitation process.

Ex-Situ Biological — Biological treatment is retained because the technology was

demonstrated at the Ballard Site.

5.1.4.7 In-Situ Treatment

Chemical Injection (alluvial unit only) — Likely to be effective for remediating Site
COCs/COECs in groundwater. Implementation in the alluvial unit is straightforward;

whereas, implementation in the Wells Formation is would be complex.

Reactive Barriers (alluvial unit only) — PRBs have been used with success to treat
groundwater contaminated with inorganic COCs/COECs. Effectiveness and

implementability in the alluvial unit is likely to be high.

In-Situ Biological (alluvial unit only) — In-situ biological reduction would be effective
for remediating Site COCs/COECs in groundwater. Implementation in the alluvial unit

is straightforward.
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5.2 BALLARD FEASIBILITY STUDY MEMORANDUM #2
Following A /T review and approval of this Ballard FS Memo #1 document, the Ballard FS Memo

#2 will be prepared to:

Assemble remedial alternatives for each of the impacted Site media by combining the
remedial technologies and process options that were retained following the final

screening presented in this section.

Screen the assembled alternatives using a qualitative process to determine overall
effectiveness, implementability, and cost. The purpose of alternative screening is to

reduce the number of remedial alternatives retained for detailed analysis.

Perform a detailed analysis of the retained remedial alternatives using the seven
evaluation criteria described in the RI/FS Guidance. These criteria were developed to
address statutory requirements and considerations for RAs in accordance with the NCP
and additional technical and policy considerations that have proven to be important for

selecting among remedial alternatives.

Perform a comparative analysis to identify the key tradeoffs between the remedial

alternatives.
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Table 5-1

Upland Soil/Waste Rock Remediation Technology Screening Table
Feasibility Study Technical Memorandum #1

P4 Production LLC, Ballard Mine, Idaho

Process Detailed
Option Effectiveness | Implementability Cost Site-Specific Considerations Applicability within the Site Decision Rationale Screening
Results
No Action
Low (no Evaluation of the No-Action alternative is
No Action . additional) capital| The No-Action alternative is not appropriate in the upland soil/waste rock where there|The No-Action alternative is only applicable to areas within the Site that . . . .
Low High . . required by the NCP as a point of comparison Retain
See §B.1.1 costs; No O&M |are unacceptable risks. meet the RAOs. . -
costs with other alternatives.
Limited Action Response
Institutional Controls
Proprietary and governmental controls are
Proprietary Controls High when applied with S There are no Site-specific considerations that would inhibit establishing proprietary ) . effective at limiting access and Q|rect hu_man
and Governmental : Low capital; Low L ) . Proprietary controls and governmental controls are potentially exposure to COCs in upland soil, associated .
other remedial Moderate and governmental controls other than obtaining the cooperation of the adjacent . : ) ) : Retain
Controls : 0o&M applicable to impacted areas of upland soil/waste rock. vegetation, and waste rock on the Site. ICs
technologies. landowners. .
See §B.1.2 are typically a component of a selected
remedial alternative.
Land Use Controls
Fencin High when aoolied with Fencing is effective at limiting access and
g 9 PPie . Low capital; Low |Fencing is already in place around portions of the Site perimeter, although some Fencing is applicable to upland soil/waste rock areas that have direct exposure to COCs/COECs on the Site. .
See §B.1.2 other remedial High . o : : . S . Retain
technologies O&M fence improvements and additional fencing may be required. unacceptable risks. Fencing is typically part of a selected
’ remedial alternative.
Containment
Cover Systems
Multi-layer caps are applicable to areas with potential groundwater Mrlcilltjlr;?\il/zrt:rasrs\ darrsir?ifrﬁ;t:]veéﬁ;g{(::cggﬂrzf
Multi-Layered Cap . High capital; |Access and vegetation restrictions to limit cap intrusion and resulting exposure to impacts (i.e., West Ballard Pit) from Site COCs. May include multiple grout ) ) g P .
High Moderate . . . . . o . o and ingestion of all Site COCs/COECs when Retain
See §B.1.3.1 Moderate O&M |underlying waste rock/contaminated soil would also be required. designs based upon mobility and risk posed by the specific . . ; . .
) implemented in conjunction with ICs (e.g.,
COCs/COECs being capped. . -
fencing and deed restrictions).
ET cover systems are used extensively in the Phosphate mining region of SE Idaho. . .
. . o : o . ET caps are used in the region to prevent
N Moderate to High|Site Specific design would be based on performance criteria that would include . o
Evapotranspirative . . G . . . future groundwater impacts and to minimize
) . . capital (with on- |eliminating future groundwater impacts and direct exposure of Site COCs/COECs. . . . ; . - ; .
(ET) Soil Cover High High ) . N : . . ET caps are applicable to all areas of the Site with waste rock. direct exposure and ingestion of Site Retain
Site soil source); |Infiltration modeling would be necessary to establish the overall thickness of an ET : :
See §B.1.3.1 . -~ COCs/COECs when applied with other ICs
Low O&M cover system. An ET cap would be used with other ICs to limit exposure to . s
’ . } o . (e.g., fencing and deed restrictions).
underlying wastes/contaminated soil and potential intrusions to the cap.
Soil cover caps may not prevent migration of
Low capital (with Soil cover caps are potentially applicable to areas with gamma levels inorganic COCs to groundwater via
Soil Cover Cap High, but only for . on-Site soil  |Soil cover caps could be considered for areas on Site with gamma radiation and for . . p p Y appll vith g . infiltration. Due to the presence of leachable .
. High ] . posing risk, but may not be appropriate for areas with upland soil . S - Retain
See §B.2.3.1 gamma protection. source); Low |wastes with non-leachable levels of COCs. . inorganics in the waste rock dumps, multi-
containing leachable metals.
0o&M layer and ET cover systems may out-perform
a pure soil cover for achieving the RAOs.
Surface Control
. . High when combined o - . . . . . . ) . - . ) . . L .
Soil Grading ; . . Low capital; Low |The topography of the Site is conducive to using site-wide grading to divert a portion |Soil grading is applicable to all areas of impacted upland soil/waste Soil grading is retained as a component of an .
with other remedial High ; . Retain
See §B.1.3.2 technologies o&M of surface water flow away from the impacted upland soil/waste rock. rock. overall remedy that meets the RAOs.
Removal and Disposal
Removal
Conventional excavation is an ancillary
Conventional activity to other treatment, disposal, or reuse
) . . High capital; No [The upland soil/waste rock areas are conducive to using conventional excavation Conventional excavation is applicable to areas of the Site containing options. Conventional excavation would be .
Excavation High High . . . . . . ) . . ) : ; Retain
See § B.1.4.1 0o&M equipment to remove the impacted materials. impacted upland soil/waste rock and associated vegetation. necessary in conjunction with on-Site
o consolidation, or disposal (i.e., backfilling of
existing pits).
Disposal
. . High to moderate . . . - . N — . . . L Consolidation and on-Site disposal may be
On-Site Disposal High High capital; Low to The layout of the Site (e.g., existing mine pits) is conducive to the consolidation and |On-Site disposal is applicable to areas of the Site containing impacted the most feasible method for remediating the Retain

See §B.1.4.2

Moderate O&M

capping the potentially large volumes of excavated wastes.

upland soil/waste rock.

large volumes of upland soil/waste rock.
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T

able 5-2

Surface Water Remediation Technology Screening Table

Feasibility Study

Technical Memorandum #1

Detailed
Process Option | Effectiveness |Implementability| Cost Site-Specific Considerations Applicability within the Site Decision Rationale Screening
Results
No Action
Low (no . Lo . . . . . .
No Action ' additional) |The No-Action alternative is not appropriate where COC/COEC The No-Action alternatlye is potentially applicable where AIthqugh the NO'-ACIIOFI glternatlve does n'ot' reduge risks or meet chemlca}l— _
Low High o . COC/COEC concentrations do not exceed the surface water specific ARARs in the Site surface water, it is retained as point of comparison as Retain
See §B.3.1 capital; No |concentrations exceed the surface water ARARSs. .
0&M ARARs. required by the NCP.
Limited Action Response
Proprietary Controls and High, _espec!ally when ... |There are no Site-specific considerations that would inhibit . . . Proprietary and governmental controls are retained because they would be
combined with other Low capital; i . Proprietary and governmental controls are potentially applicable . s . g . .
Governmental Controls - Moderate establishing proprietary and governmental controls other than . ) . effective at limiting access and direct human exposure to COCs in the impacted Retain
remedial Low O&M o ! . to all impacted areas of impacted Site surface water. . . .
See §B.3.2.1 technologies obtaining the cooperation of the adjacent landowners. surface water. ICs are typically a component of a selected remedial alternative.
Land.Use Controls - H!gh when comb!ned . Low capital; |Requires the cooperation of the affected private landowners, and  |Fencing is applicable to all areas of impacted surface water that Fencing is retained be(_:ause '.t wou!d effectively limit access and Exposures o .
Fencing with other remedial High . L - some receptors. Fencing typically is a component of a selected remedial Retain
. Low O&M |the perceived aesthetic impacts of a fence. have unacceptable risks. :
See § BB.3.2.1 technologies. alternative.
Source Controls
Moderate to
Source Controls . . High capital; Relies on source controls (i.e., grading, cover systems, etc.) in the |Sources of SW contamination in the upland soil/waste rock (see |Source controls in the upland soil/waste rock are likely to be a critical component .
Moderate to High Low to High Low to ; Retain
See §B.3.3 Moderate upland soil/waste rock (see Table 5-1). Table 5-1). of an overall SW remedy.
O&M
Containment
Sediment Control Basins
Retention Basins Moderate High Low capital; rReztli'tni':%E)Ogsgq(')n;ézdbiuirr]faifa\g;ﬁrrgé rtitzr;t:j?;:rizlr;gﬁay Retention basins are applicable to all areas where contaminated |Retention basins are a standard BMP that will likely be needed during remedial Retain
See §B.3.4.1 9 Low O&M groundwater 9 surface water is known or expected to flow off Site. construction, and to help reduce the transport of COCs/COECSs off Site.
) . . . . . . Not retained as a containment option because wetland vegetation would have low
Wetlands Low capital; |Site drainages are dry for much of the year and are not likely to Surface drainages, and seep and spring locations throughout the L . . .
Moderate Low . . survivability without a source of water besides storm water and runoff. Wetlands Reject
See §B.3.4.2 Low O&M  |support wetlands vegetation. Site. . . .
may be more applicable for treatment of the perennial seeps and springs.
Removal and Disposal
Disposal
Low capital; A large tract of land with sufficient depth to groundwater may not be There are a large number of uncertain factors in applying the technology, such as
Land Application pital; available. Cross-media transfer of COCs/COECs (e.g., from the Land application could be applicable to all surface water that is . ge n . PPYINg 9y, .
Low Low to Moderate Moderate R : . locating an appropriate tract of land and media transfer of COCs/COECs. Other Reject
See §B.3.5.1 water to culturally significant plants) could result in transfer of risks. |[removed and treated. . . .
o&M . L . technologies that also require some treatment have lower cost and more certainty.
Cold weather would complicate land application in the winter.
Treated Discharge to Low to Obtaining NPDES permits for drainages that flow to the Blackfoot . . Treqted d'SChar.ge t(.) surface water is retained becagse a NPDES permit .CO.UId be
. . moderate . e . L Could be applicable to all surface water that is removed and obtainable considering that the volumes of treated discharges would be similar to .
Surface Water High High o River could be difficult. The treated discharge in this case would ) ) } Retain
capital; Low - . S . treated. current flows, and because COC/COEC concentrations in the treated discharge
See § B.3.5.2 result in a reduced selenium loading in the Blackfoot River. . .
o&M would be below current concentrations, risk levels and ARARs.
Disposal of collected surface water via an infiltration basin would
require identifying an area with suitable permeability. Disposal via
Evaporaﬂon/lnﬂltraﬂon . querate an evaporation basm WOL."d only'be feasible during the warm Could be applicable to all surface water that is removed and Evaporation/infiltration basins only would be considered for surface water if a )
Basins or Trench Moderate to High Moderate capital, Low |summer months. Infiltration of Site surface water to groundwater . . . . . Retain
. ) treated. NPDES permit could not be obtained to allow discharge back to Site drainages.
See § B.3.5.3 o&M would reduce flows in the associated watershed. The seasonal

variability of Site surface water flow may make temporary storage
of water necessary.
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Table 5-2

Surface Water Remediation Technology Screening Table

Feasibility Study Technical Memorandum #1

Detailed
Process Option | Effectiveness |Implementability| Cost Site-Specific Considerations Applicability within the Site Decision Rationale Screening
Results
Ex-Situ Treatment
Physical Processes
High if used in
. . conjunction with other Mod('eraFe Separation is not sufficient as a standalone treatment technology  |If used as a component of an overall treatment system, Rejected as standalone treatment because a large portion of the surface water
Solid/Water Separation treatment . capital; . . - - . . . . ) : .
. High because a large portion of the surface water COCs are in the separation would be applicable to all Site surface water that COCs/COECs are in the dissolved phase, but retained for possible use in Retain
See §B.3.6.1 technologies that Moderate . . ) . . .
L : dissolved phase. requires treatment. conjunction with other treatment options.
precipitate dissolved o&M
COCs.
High if used in
I conjunction with other Modgra?e Filtration is not sufficient as a standalone treatment technology If used as a component of an overall treatment system, filtration |Filtration is not retained as standalone treatment because a large portion of the
Filtration treatment . capital; . . - . ) . ) L2 .
) High because a large portion of the surface water COCs/COECs are in  |would be applicable to all Site surface water that requires surface water COCs are in the dissolved phase. However, filtration could be used Retain
See §B.3.6.1 technologies that Moderate . ; ) . . -
L : the dissolved phase. treatment. in conjunction with other treatment options.
precipitate dissolved o&M
COCs/COECs.
) Moderate to |The treatment train may be complex with multiple types of . . Other technologies considered will likely provide the required level of treatment.
Adsorption . . . o - ) . - All areas where surface water is collected and requires treatment ; L . . .
See § B.3.6.1 High for select COCs. High High capital; |absorption media and upfront chemical reduction to address all the for disposal However, adsorption could be useful as a polishing step when combined with Reject
D High O&M [Site COCs/COECs. P ' other treatment technologies.
Moderate to - . . . . .
. - |Competing ions could reduce effectiveness (e.g., selenate and . . Brine stream from ion exchange process would require additional treatment. More
lon Exchange . . High capital; . . All areas where surface water is collected and requires treatment . . . . .
High Moderate to High. sulfate). Sulfate would be exchanged for chloride or hydroxyl ions, . expensive than equally effective and implementable ex-situ water treatment Reject
See §B.3.6.1 Moderate to . for disposal. .
- so TDS would only be marginally reduced. technologies.
High O&M
Membrane Tech. . . High capital; |Selection of the specific membrane technology may warrant an All areas where surface water is collected and requires treatment Membrane_technolog|es are retained because_they are highly eff_ecnve for treating .
High High. : : . - . . all of the Site COCs/COECs. However, the brine stream from this process would Retain
See §B.3.6.1 High O&M |engineering study to optimize the selection. for disposal. . o
require additional treatment or management.
Chemical Processes
Because selenium in surface water at the Site is selenate, it may Chemical precipitation is retained as a treatment technology for removal of metals
. I Moderate . . . . ] . . . . . .
Chemical Precipitation . . oo be necessary to electrochemically reduce the influent surface water [All areas where surface water is collected and requires treatment|and/or selenium. Likely would require other ex-situ process options including )
High High capital; High . . . . . . . : - AP Retain
See §B.3.6.2 0&M to produce selenite for improved selenium removal efficiency in the |for disposal. reduction for selenium (discussed below) and separationffiltration to complete the
chemical precipitation process. treatment train, depending on the discharge requirements.
I - . Not retained as a standalone treatment because it would not by itself reduce COC
. . Because selenium in surface water at the Site is selenate, it may - I L S .
- . High when considered Moderate . . . . concentrations sufficiently. However, oxidation/reduction is retained as a
Oxidation/Reduction . . . . . o be necessary to electrochemically reduce the influent surface water |All areas where surface water is collected and requires treatment . . .
in conjunction with High capital; High . . . . . . treatment step (component) because it may be necessary to reduce influent Retain
See §B.3.6.2 ; to produce selenite for improved selenium removal efficiency in the |for disposal. - . - . .
other technologies. o&M . L surface water for improved selenium removal efficiency in the chemical
chemical precipitation process. L
precipitation process.
Thermal Processes
Th_er'mal' Evaporation . Vgry ,h'g.h May require construction of equalization basins to store water prior |All areas where surface water is collected and requires treatment|Thermal evaporation/distillation is not retained due to very high capital and O&M .
(Distillation) High Moderate capital; High to treatment for disposal costs compared to other equally effective technologies R
See § B.3.6.3 0&M : posal. P qualy gles.
Biological Processes
Low to
Ex-Situ Biological . . mode_:rate . - All areas where surface water is collected and requires treatment |Ex-situ biological treatment is retained because the technology was demonstrated .
High High capital, Winter temperatures can reduce treatment efficiency. . . Retain
See §B.3.6.4 for disposal. at the Ballard Site.
Moderate
0&M
In-Situ Treatment
Biological Processes
Low to . . . . . .
I . In-situ biological treatment is retained because a passive treatment technology
In-Situ Biological . moderate - - . . h ] ) ) .
See §B.3.7.1 Moderate High capital: Low Winter temperatures can reduce treatment efficiency. Site seeps and springs. could be suitable for r§5|dual seep and spring treatment following source controls Retain
0&M (e.g., waste rock capping).
Notes:

The treatment technologies and/or process options in the blue shaded cells have been eliminated from further evaluation in the development of alternatives.
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Table 5-3

Sediments/Riparian Soil Remediation Technology Screening Table
Feasibility Study Technical Memorandum #1
P4 Production LLC, Ballard Mine, Idaho

Detailed
Process Option | Effectiveness Implementability Cost Site-Specific Considerations Applicability within the Site Decision Rationale Screening
Results
No Action
No Action Low High Low (no. additional) capital The No-Action alternative is not appropriate in the Site drainages where there are unacceptable risks. The No-Action alternative is only applicable to areas of the Site drainages that meet E\_/aluatlon of the No—Actlon alternative is required by the NCP as a point of comparison| Retain
See §B.4.1 costs; No O&M costs RAOs. with other alternatives.
Limited Action Response
Institutional Controls
) ICs are retained because they may be the most feasible option to reduce human health|
Proprietary Controls and ) o There are no Site-specific considerations that would inhibit establishing proprietary controls other than  |Proprietary controls and government controls are potentially applicable to the entire | fiSks Posed by the impacted intermittent drainages. )
Governmental Controls Moderate High Low capital; Low O&M L X . ) . - : Retain
See§B.12 obtaining the cooperation of the private landowners. reach of the impacted intermittent drainages.
Land Use Controls
Fencing . . . . . . L . . . . o . .
See §B.4.2.1 Moderate High Low capital; Low O&M Sl_te specific considerations for copstructlng a fer?ce include obtaining the cooperation of the affected Fencing could be applicable to the entire reach of the impacted intermittent drainages. Fer?cmg may be a feasible option to reduce human hgalth risks in the intermittent Retain
private landowners, and the perceived aesthetic impacts of a fence. drainages, and could be a component of an overall Site remedy.
Monitored Natural Recovery (MNR)
MNR could be applicable to the entire reach of the impacted intermittent drainages. MNR may be a feasible option to reduce both human health and ecological risks with ni
. . . - . Alternatively, MNR could be paired with other remedial technologies where an active  |physical disruption in the intermittent drainages. Because the majority of the Site
Monitored Natural High given sufficient time - . . . . S L b . . N
. o Limited Site-specific data are available to understand the dominant MNR processes (e.g., rates of technology (e.g., removal and on-Site disposal) is implemented in the more highly drainages are under P4 control, and will be for the foreseeable future, human .
Recovery (MNR) for the natural recovery High Low capital; Low O&M . X . . s N h L . L ) . Retain
sedimentation and erosion), and to establish a remedial timeframe. contaminated reaches near the waste rock piles and MNR is implemented in the lesser-|exposures to these areas are limited, and both human and ecological risks could be
See §B.4.2.2 processes to occur. . . R R L .
contaminated reaches of the intermittent drainages. mitigated over time by MNR processes.
Removal and On-Site Disposal
Site terrain is conducive to using conventional excavation equipment. Excavated sediment/riparian soil
Removal and on-Site . ... |[would add a relatively insignificant volume to the upland soils/mine waste that requires remediation. Removal and on-Site disposal would be considered for the most contaminated areas . . . .
. . . Moderate to High capital; - . L L ) ; X " : X . . Removal and On-Site Disposal could be implemented and would meet RAOs assuming .
Disposal High Moderate to High Excavation as a remedial option likely would be limited to the more highly contaminated areas of the near the mine waste rock piles and this material would be consolidated with the waste . . . Retain
Low O&M X X - . . X . ! . : ) X - source controls are implemented in the upland soil/waste rock.
See §B.4.3.1 intermittent drainages near the mine site coupled with other non-invasive alternatives in the less rock and upland soils during remediation.
contaminated downstream reaches.
The relatively small size of the intermittent drainages (both stream flows and channel widths) is conducivg Sediment traps/basins could be applicable to the entire reach of the contaminated
Sediment Traps/Basins Moderate High Low capital; Low to to the construction and O&M of sediment traps/basins. Traps/basins would need to be coupled with ICs t{intermittent drainages. Alternately, sediment traps/basins could be located in the more |Sediment traps/basins could speed achievement of RAOs, particularly if coupled with Retain
See §B.4.3.2 9 Moderate O&M prevent access and exposures. The need to properly handle and dispose of collected sediments could |highly contaminated upper reaches of the drainages to help accelerate MNR processes|other technologies (e.g., MNR and/or ICs).
compromise the relative ease of implementation.
In-Situ and Ex-Situ Treatment
I In-Situ: High capital; Low |Site terrain and nature of the sediment/riparian soil likely is conducive to both in-situ and ex-situ S/S. SIS QOes T‘°t provide any ad_vamages pver the remova_l/on.-Slte dlsposgl technology.
Stabilization/ . . . X X . " - . . . . . SIS likely is not a cost effective remedial strategy considering the relatively low
e Moderate In-Situ: Moderate 0o&M S/S is typically used to treat highly contaminated soils and/or to reduce the leachability of characteristicallyin-situ or ex-situ S/S likely only would be considered for the most contaminated areas . X I e L ) . X
Solidification (S/S) L . . o . . X ’ - . . : . COC/COEC concentrations in the sediment/riparian soil in the intermittent drainages at
Ex-Situ: High Ex-Situ: Very high capital; |hazardous waste. COC/COEC concentrations in the Site sediment/riparian soil are relatively low near the mine waste rock piles. R
See §B.4.4 ) ) the Site.
Low O&M compared with other sites where S/S has been used.
Notes:
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Table 5-4

Groundwater Remediation Technology Screening Table

Feasibility Study Technical Memorandum #1
P4 Production LLC, Ballard Mine, Idaho

. Detailed
Process Option Hydrci?rc‘e.(taloglc Effectiveness | Implementability Cost Site-Specific Considerations Applicability within the Site Decision Rationale Screening
: Results
No Action
. ) The No-Action alternative is not appropriate where [ The No-Action alternative is only ) ) . . .
No Action Both Low High Low capital; there are unacceptable risks. applicable to areas of the Ballard Site Evaluatlon of thg No-Action alterpatlve is required by the NCP as a point Retain
See §B.5.1 No O&M that meet the RAOS. of comparison with other alternatives.
Limited Action Response
Institutional Controls
There are no site-specific considerations that ICs could be applicable to all areas ICs are retained because they may be the most feasible option to
Gove_rnmental and ) Low capital; [would inhibit establishing ICs other than obtaining |where COC concentrations in GW reduce human health risks posed by GW. )
Proprietary Controls Both Moderate High Low O&M |the cooperation of the landowners. exceed the ARARSs. Retain
See §B.5.21
Monitored Natural Attenuation
Limited Site-specific data are available to Slow rates of plume migration and Given Site conditions, MNA should be considered a viable technology
) understand the dominant MNA processes (e.g., relatively static COC concentrations in for COC plumes at the Site.
Monitored Natural _ Moderate |5, mtion), and to establish a remedial timeframe.  |the Site GW suggest that MNA could be _
Attenuation Both Moderate High capital; LoW |pata supporting the Wells Formation (Fm) effective in portions or all of the Site. Retain
See §B.5.2.2 O&M attenuation capacity is present in the region and
could be correlated to Site conditions.
Source Controls
Low to high [Relies on source controls (i.e., grading, cover Sources of GW contamination in the Source controls in the upland soil/waste rock are likely to be a critical
Source Controls Both High Moderate to High capital; Low [systems, etc.) in the upland soil/waste rock (see  [upland soil/waste rock (see Table 5-1).  |component of an overall GW remedy. Retain
See § B.5.3 to moderate |Table 5-1).
O&M
Containment
Vertical Barriers
The hydrogeology and depth to contaminated GW |Extraction wells are applicable to all Use of extraction wells to form a complete hydraulic barrier for all alluvial
in the alluvial unit and Wells Fm are key areas where ARARs are exceeded in the |plumes is not likely to be feasible. However, an extraction well system
. . High capital; |considerations for the extraction well technology. |alluvial unit and Wells Fm GW. However,|could be moderately effective and implementable as a barrier for .
Alluvial Moderate to High Moderate High O&M it may be more feasible to limit the selected areas in the alluvial unit, especially where the depth to GW or Retain
Extraction Wells technology to areas where the depth to the bottom of COC contamination may be beyond the reach of
See §B.5.4.1 hydrogeology is more conducive to GW |a trench system.
extraction and hydraulic containment. Effectiveness as a barrier in the Wells Fm. may be difficult to
High capital; demonstrate. The cost for extraction and monitoring wells would be .
Wells Fm Low to Moderate Low High O&M very high, along with the cost of managing and treating a large volume Reject
of extracted GW.
The depth to contaminated GW in the alluvial unit |Extraction trenches are applicable to all |Extraction trenches could be effective for intercepting shallow alluvial
Moderate |is generally within the depth that extraction areas where GW contamination is within |plumes. Installation could be relatively straightforward to implement in
Alluvial High High Mcc?é)ejt;lt;e trenches can feasibly be excavated. the reach of a trench system. some areas. In other areas, depth to .GW may be an impeQiment. The Retain
Extraction Trenches OaM treqches would need to be coupled with treatment and/or disposal
See § B.5.4.1 options.
High capital; |It would be difficult or impossible to install a trench [Extraction trenches are not applicable to It would be difficult or impossible to install a trench deep enough to
Wells Fm Low Low Moderate |deep enough to intercept the contaminated GW in [the contaminated GW in the Wells Fm intercept the contaminated GW in the Wells Fm. Reject
0&M the Wells Fm. due to the depth to GW.
Removal and Disposal
Removal
The hydrogeology and depth to contaminated GW |Extraction wells are applicable to all Would likely have limited effectiveness in the alluvial unit or require a
. High capital; in the_ aIIuv_iaI unit and Wells Fm are key areas whe_re ARARs are exceeded in the Iong remediation timeframe with high cpsts including (_ex-_situ treatment. _
Alluvial Moderate Moderate High O&M’ considerations for the removal technology. alluvial unit and Wells Fm GW. In the In-situ treatment would be less expensive and have similar Reject
) Wells Fm, it may be more feasible to limit |effectiveness.
Pumping .
See § B.5.5.1 the technology to locations near the : : : _
source area. Pumping of extraction wells is one of the only practicable removal
. High capital; technologies for plume remediation in the Wells Fm even though the .
Wells Fm Low to High Low to Moderate High O&M effectiveness could be low. The Wells Fm aquifer is extensive and Retain

achieving sufficient drawdown could be difficult.
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Table 5-4

Groundwater Remediation Technology Screening Table

Feasibility Study Technical Memorandum #1
P4 Production LLC, Ballard Mine, Idaho

. Detailed
Process Option Hydrci?:ftaloglc Effectiveness | Implementability Cost Site-Specific Considerations Applicability within the Site Decision Rationale Screening
: Results
Disposal
A long-term, year-round use of the treated GW Recycling/reuse would be applicable to |Demand for water for reuse during mine reclamation or at nearby mines
Recycle/Reuse Both Low Low Low capital; |has not been identified. all extracted GW. is likely not sufficient to consume the volume. Likewise, crop irrigation is Reiect
See § B.5.5.2 Low O&M a seasonal demand and likely not sufficient to consume the volume of !
produced water.
A large tract of land with sufficient depth to GW Land application could be applicable to  |May be viable for disposal of small or seasonal volumes of water; likely
o Low capital; [may not be available. Cross-media transfer of all GW that is removed and treated. not applicable for large volumes of recovered GW. In addition, GW
Land Application Both Low to High Low to Moderate Moderate |COCs to culturally significant plants could result in recovery rates would be relatively consistent throughout the year Reject
See §B.5.52 o&M transfer of risks. Cold weather would complicate complicating disposal during the cold winter months.
land application in the winter.
Low to Obtaining NPDES permits for discharge to the Could be applicable to all GW that is Not retained due to the anticipated stringent requirements to obtain an
Surface Water moderate Blackfoot River could be difficult or overly removed and treated. NPDES permit (for discharge to the Blackfoot River), and technical
Discharge Both High Low capital: Low stringent. Direct discharge to the Blackfoot issues that direct discharge to the Blackfoot Reservoir would involve Reject
See § B.5.5.2 O&i\/l Reservoir would be technically challenging. (long pipeline crossing property with varying ownership).
Disposal of treated GW via an infiltration basin is [Could be applicable to all GW that is Could be used for reintroducing clean GW into the aquifer. Has a low to
Evaporation/Infiltration Moderate [dependent on identifying an area with suitable removed and treated. moderate cost.
Basin Both Moderate to High Moderate capital; Low |permeability. Disposal via an evaporation basin Retain
See § B.5.5.2 0o&M would only be feasible during the warm summer
months.
Ex-Situ Treatment
Physical Processes
High if used in Separation is not sufficient as a standalone If used as a component of an overall Rejected as standalone treatment because it would not by itself reduce
conjunction with Moderate |treatment technology because most of the GW treatment system, separation would be  |COC concentrations sufficiently, but retained for possible use in
Solid/Water Separation Both other treatment High capital;  |COCs are in the dissolved phase. applicable to all Site GW that requires  |conjunction with other treatment options. Retain
See §B.5.6.1 technologies that 9 Moderate treatment.
precipitate O&M
dissolved COCs
High if used in Filtration is not sufficient as a standalone If used as a component of an overall Filtration is not retained as standalone treatment because most of the
conjunction with Moderate |treatment technology because most of the GW treatment system, filtration would be GW COCs are in the dissolved phase. However, filtration could be
Filtration Both other treatment Hiah capital; COCs are in the dissolved phase. applicable to all Site GW that requires used in conjunction with other treatment options. Retain
See §B.5.6.1 technologies that 9 Moderate treatment.
precipitate O&M
dissolved COCs
Treatment train may be complex to address all the |All areas where GW is collected and Other technologies considered will likely provide the required level of
) . Moderate to [Site COCs. Other ions in the influent would have |requires treatment for disposal. treatment. However, adsorption could be useful as a polishing step
Adsorption High for select . . i - : : : .
Both High High capital; |an effect on treatment efficiency and would need when combined with other treatment technologies. Reject
See§B.56.1 COCs High O&M [to be evaluated. May be more applicable to lower
flow rates.
lon exchange is adaptable to most Site flow rates |All areas where GW is collected and Brine stream from ion exchange process would require additional
Moderatg to_ to be treated, but may be more applicable to lower |requires treatment for disposal. treatment. More expensive than equally effective and implementable ex
lon Exchange Both Moderate to High High High capital; 140 ates. lons in the influent would have an situ water treatment technologies. Membrane technologies that are Reject
See §B.56.1 querate to effect on treatment efficiently and would need to discussed below provide a higher and more reliable level of treatment.
High O&M be evaluated during treatability testing.
Membrane technology is adaptable to the All areas where GW is collected and Highly effective for treating all of the Site COCs. However, the brine
Membrane Technology Both High High High capital; |anticipated flow volumes. Suitable to treat all ions |requires treatment for disposal. stream from this process would require additional treatment or Retain
See §B.5.6.1 High O&M |in the Site GW. management.
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Table 5-4

Groundwater Remediation Technology Screening Table

Feasibility Study Technical Memorandum #1

P4 Production LLC, Ballard Mine, Idaho
. Detailed
. Hydrogeologic . - . ‘e . . . - s . . . . .
Process Option Unit Effectiveness | Implementability Cost Site-Specific Considerations Applicability within the Site Decision Rationale Screening
Results
Chemical Processes
Effectiveness for selenium requires successful All areas where GW is collected and Retained as a treatment technology for removal of metals and/or
Chemical Precipitation Moderate |reduction of Site selenate to selenite (the following [requires treatment for disposal. selenium. Likely would require other ex-situ process options (e.g.,
Both High High capital; High [technology), which can be difficult with sulfate separation/filtration and selenate reduction) to complete the treatment Retain
See §B.5.6.2 o&M present. train, depending on discharge requirements. Generates a sludge that
would require management and disposal.
) May be a necessary technology to reduce the All areas where GW is collected and Not retained as a standalone treatment because it would not by itself
o _ ngh when_ Moderate |influent GW for improved selenium removal requires treatment for disposal. reduce COC concentrations sufficiently. However, oxidation/reduction
Oxidation/Reduction Both considered in High capital: High |efficiency in the chemical precipitation process. could be useful as a treatment step (component) to reduce selenate in Retain
See §B.5.6.2 conjunction with 0&aM influent GW for improved selenium removal efficiency in the chemical
other technologies precipitation process.
Thermal Processes
Best suited to lower flows, and may not be suited |All areas where GW is collected and Thermal evaporation/distillation is not retained due to very high capital
Thermal Evaporation Very high to treatment at the Site if water .is ext.racte.d from |requires treatment for disposal. and O&M costs compared to other equally effective technologies (e.g.
(Distillation) Both High Moderate capital: High the Wells Fm. becausg of poss@ly hlgh dlscharge membranes). Reject
See § B.5.6.3 O&M rates. The concentrations of all ions in the Site
GW would be reduced.
Biological Processes
Low to High concentrations of sulfate can affect the All areas where GW is collected and Biological treatment is retained because the technology was
. . . moderate |efficiency of selenium treatment; however, this requires treatment for disposal. demonstrated at the Ballard Site.
Ex-Situ Biological . . o : : . .
Both High High capital,; was shown not to be an issue during the P4 pilot Retain
See §B.5.64 Moderate |[testing of the technology. Winter temperatures
O&M can reduce treatment efficiency.
In-Situ Treatment
Chemical Processes
Moderate [The alluvial unit is shallow and unconsolidated and|All areas of GW contamination, but may |Likely to be effective for remediating Site COCs in GW. Implementation
Alluvial Moderate to High High capital; Low |is therefore easy to treat with a large number of have limited effectiveness and in the alluvial unit is straightforward, whereas, implementation in the Retain
0&M borings. The Wells Fm requires deep bedrock drill {implementability in the Wells Fm. Wells Fm would be complex.
Chemical Injection holes, but has higher permeability and greater
(Reduction) dispersion of injected chemicals. The chemical
See §B.5.7.1 Wells Em Low Low High capital; composition of Site GW (e.g., species present and Reject
Low O&M |competing ions) also will affect the effectiveness
of the chemical treatment.
Moderate |The alluvial unit is shallow and unconsolidated, All areas of GW contamination, but may |PRBs have been used with success to treat GW contaminated with
Alluvial Low to High High capital; Low |and it is therefore straightforward to constructed  |have limited effectiveness and inorganic COCs. Effectiveness and implementability in the alluvial unit Retain
. . O&M PRBs. implementability in the Wells Fm. is likely to be high.
Reactive Barriers - - - - — - -
See § B.5.7.1 High capital: The Well§ Fmisa dee.p bedrqck u.nllt, maklng PRB |mplgmentatlon in the Wells Fm yvpuld be via deep borings, apd
' |construction of a reactive barrier difficult, relying therefore, implementation would be difficult and likely would result in low .
Wells Fm Low Low Moderate on closely spaced wells and the dispersion of effectiveness. REE
0&M reactive material within the aquifer.
Biological Processes
The alluvial unit is shallow and unconsolidated and|All areas of GW contamination, but may |In-situ biological reduction would be effective for remediating Site COCs
Moderate |is therefore easy to treat with a large number of have limited effectiveness and in GW. Implementation in the alluvial unit is straightforward.
Alluvial Moderate to High High capital; Low |borings. The Wells Fm requires deep bedrock drill |implementability in the Wells Fm. Retain
- . o&M holes, but has higher permeability and greater
In-Situ Biological dispersion of injected chemicals. The chemical
See §B.5.7.2 composition of the GW (e.qg., species present and Implementation in the Wells Fm is very complex and would be difficult to
High capital; |competing ions) also will affect the effectiveness demonstrate effectiveness. .
Wells Fm Low Moderate L%w OZM of thg bio?ogi ca? treatment. Reject
Notes:

The treatment technologies and/or process options in the blue shaded cells have been eliminated from further evaluation in the development of alternatives.
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1.0 INTRODUCTION

This appendix to the Ballard Mine Feasibility Study Report Memorandum 1 — Site Background and Screening
Technologies (Ballard FS Memo #1) was prepared by MWH Americas, Inc. (MWH) on behalf of P4
Production, LLC (P4), as part of the comprehensive mine-specific Remedial Investigation
/Feasibility Study (RI/FS) that is being conducted at P4’s three historic phosphate mines, namely
Ballard, Henry and Enoch Valley Mines (collectively known as the “Sites”), located in southeast
Idaho. This appendix presents the methods used to calculate risk-based cleanup levels (RBCLs)
protective of human health and ecological exposures to chemicals identified as risk drivers for

human, ecological, and livestock receptors at the Ballard Site.

The resultant human health RBCLs are presented in Tables A-1 through A-11, ecological RBCLs are
presented in Tables A-12 through A-26, and livestock RBCL:s are presented in Tables A-27 and A-
28. In addition to RBCLs, this appendix includes index plots that graphically present the
background datasets, background summary statistics, and Ballard Site data for key constituents (refer
to Attachment 1). Index plots were prepared at the request of the A/T and are intended to put the

RBClLs into numeric context.
1.1 PURPOSE AND SCOPE

Preliminary cleanup levels (PCLs) for risk-driving contaminants of concern (COCs), radionuclides of
concern (ROCs), contaminants of ecological concern (COECs) and livestock contaminants of
concern (LCOC) for solid media (i.e., upland soil, riparian soil, and sediment) identified in the
Remedial Investigation (RI) for the Ballard Mine were developed in consideration of Site-specific
RBCLs that are protective of human, ecological, and livestock receptors and Site-specific
background values [MWH, 2013; MWH 2014]. The purpose of this appendix is to describe the
assumptions and methods used to calculate medium-specific human health, ecological, and livestock
RBCLs, present the receptor-specific RBCLs for each COC/ROC/COEC/LCOC in soils and
sediments, and to identify the most protective (i.e., the lowest) RBCLs for all receptors for each
COC/ROC/COEC/LCOC. Soil and sediment RBCLs were calculated for all receptors evaluated in
the Baseline Risk Assessment (Ballard BRA) included in the Ballard Mine RI Report (IMWH, 2014)
such that the protectiveness of the selected PCL for each COC/ROC/COEC/LCOC can be

evaluated. Groundwater and surface water do not have Site-specific cleanup levels because the
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remediation goals default to maximum contaminant levels (MCLs) and other applicable standards
that are widely accepted for remediation of these media. Vegetation is a secondary medium that is
addressed through remediation of the primary medium (soil and sediment). However, published
performance targets may be used to evaluate the effectiveness of this RA as described in Ballard FS

Memo #1.
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2.0 HUMAN HEALTH RBCLS

This section describes the methods and assumptions used to calculate RBCLs for human receptors.
Human health RBCLs for soil and sediment were calculated for all COCs/ROCs and potentially
exposed human receptors, regardless of the chemical-specific risk and hazard estimates calculated in
the BRA. The RBCLs for carcinogenic effects are based on a target cancer risk of 1 x 10, and the
RBCL:s for non-carcinogenic effects are based on a target hazard quotient (HQ) of 1. For evaluation
of cancer risk levels other than 1 x 10 (i.e., 1 x 107 or 1 x 10, the cancer-based cleanup level

should be divided by the appropriate factor of 10 (e.g., 100 for 1 x 10°).
21 GENERAL RBCL METHODS FOR HUMAN HEALTH

The Site-specific soil and sediment RBCLs for human receptors were calculated using the Tier II
Reasonable Maximum Exposure (RME) exposure pathways and assumptions that were evaluated in
the Ballard BRA. In order to calculate a cumulative RBCL that includes all direct and indirect
exposure pathways, a sum of fractions approach was used. The sum of fractions approach is
analogous to summing pathway specific cancer risk or non-carcinogenic HQ) values to obtain a
cumulative risk or hazard index (HI), except that for a cumulative RBCL, the inverse of the

pathway-specific RBCLs are summed:

1)
1
RBCLcymulative = 1 1
+
RBC]—‘direct exposure RBCLindirect exposure
Where
RBCLemuive = cumulative medium-specific RBCL

RBCLuirect exposure = medium-specific RBCL for direct exposure pathways
RBClLindircct exposure = medium-specific RBCL for indirect exposure pathways

Upland soil RBCLs were calculated for all five human receptors evaluated in the BRA; riparian soil
and sediment RBCLs were calculated for the current/future Native American only, as the other

receptors are not significantly exposed to these media. RBCLs for ROCs in upland soil were
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calculated using the USEPA’s online Preliminary Remediation Goals (PRGs) Calculator (USEPA,
2014), as described in the BRA Addendum (MWH, 2015), and summarized in Section 2.5 below.

2.2 UPLAND SOIL RBCLS

The upland soil exposure pathways that were evaluated in the Ba/lard BRA include direct contact
pathways (i.e., incidental ingestion of soil, inhalation of dust, and dermal contact with soil) and
indirect pathways (i.e., ingestion of plants grown in upland soil and elk and cattle that forage on

plants grown in upland soil).

2.21 Direct Exposure

The direct exposure RBCLs for upland soil were calculated using the exposure point concentration
(EPC) and risk or hazard estimates for this pathway from the Ba/lard BRA as follows:
RBCL for carcinogenic chemicals:

EPC

and RBCL for noncarcinogenic chemicals:

EPC

3) RBCL = —e THQ
Where
RBCL = risk based screening level (milligrams per kilogram [mg/kg])
EPC = exposure point concentration (mg/kg)
Risk = chemical specific risk (unitless)
Hazard = chemical specific hazard (unitless)
TR = target risk (unitless; 1 x 107
THQ = target hazard quotient (unitless; 1)

Upland soil RBCLs were calculated from the upland soil EPCs and risk and hazard estimates
presented in Table A-1. Upland soil direct exposure assumptions, and therefore upland soil RBCLs,
for the current/future Native American and hypothetical future resident are equivalent and are

included together in Table A-1.

Appendix A May 2016
Ballard Mine Feasibility Study Memo #1 Page 2-2



2.2.2 Indirect Exposure Plant Ingestion

In the Ballard BRA, the Native American receptor was assumed to consume culturally significant
plant tissue, while the hypothetical future resident was assumed to consume home-grown fruits and
vegetables. No other human receptor included a plant ingestion pathway. Culturally significant
upland plants were assumed in the Ba/lard BRA to uptake COCs from upland soil only, while fruits
and vegetables uptake COCs from upland soil and groundwater used for irrigation. For the upland
soil RBCL calculations, the contribution from groundwater to the modeled concentrations of COCs
in fruits and vegetables was removed. The RBCLs for the Native American and hypothetical future
resident are equivalent when the plant tissue concentrations are modeled from upland soil. In the
Ballard BRA, however, when measured concentrations of COCs in plant tissue data were available,
measured concentrations were used in place of modeled concentrations. Although the plant
consumption RBCL:s are equivalent for the Native American and hypothetical future resident when
modeled plant concentrations are used, RBCLs based on measured plant data are not equivalent for
these receptors. This is because the RBCL for the Native American is based on culturally significant
plant tissue data, while the RBCL for the hypothetical future resident is based on the entire (i.e.,
culturally significant and non-culturally significant) plant dataset. For consistency with the Ballard
BRA, RBCLs for plant consumption were based on measured plant tissue data, where available.
This was achieved by assuming a linear relationship between measured soil concentrations and
measured plant concentrations. The ratio of the 95% upper confidence limit (UCL) on the mean
concentration in plant tissue to the 95% UCL on the mean concentration in upland soil was used in
place of the wet soil-to-plant uptake and mass loading factor values in the modeled plant
concentration portion of the dose equation. The RBCLs for carcinogenic and non-carcinogenic

chemicals were then calculated according to equations (2) and (3) above.

Table A-2 presents the EPC, measured plant concentration, modeled plant concentration, risk and
hazard estimates from the Ballard BRA, and RBCLs for culturally significant plant ingestion. Tables
A-2a and A-2b present the cancer risk and noncancer hazard calculations for culturally significant
plants presented in the Ballard BRA, in addition to the upland soil RBCL associated with a cancer
tisk of 1x10™* and HQ of 1, respectively.

Table A-3 presents the EPC, measured plant concentration, modeled plant concentration, risk and
hazard estimates from the Ballard BRA, and RBCLs for the fruit and vegetable pathway. Tables A-

3a and A-3b present the cancer risk and noncancer hazard calculations for fruit and vegetables
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presented in the Ba/lard BRA, in addition to the upland soil RBCL associated with a cancer risk of

1x10* and HQ of 1, respectively.

2.2.3 Indirect Exposure Elk and Cattle Tissue Ingestion

Consumption of tissue from elk that have foraged on vegetation growing in upland soil is a
complete exposure pathway for the current/future Native American and current/future recreational
hunter. This pathway was evaluated for the Native American in the Tier I risk evaluation, where it
was determined that elk tissue was not a medium of concern to be carried forward into the Tier 11
risk evaluation. Therefore, elk consumption was not evaluated for the Native American or
current/future recreational hunter in the Tier II risk evaluation. However, RBCLs were calculated
for all receptors and exposure pathways evaluated in the BRA, regardless of the magnitude of the
associated risk estimates. Elk tissue concentrations for the Native American in the Tier I risk
evaluation in the Ba/lard BRA were modeled from upland soil and surface water; for the upland soil
RBClLs, the contribution from surface water was removed. The RBCLs for upland soil for the elk
consumption pathway, along with EPCs, modeled elk tissue concentrations, and risk and hazard
estimates from the Ba/lard BRA, are presented in Table A-4. Cancer- and noncancer-based RBCLs,

calculated according to equations (2) and (3) above, are shown in Tables A-4a and A-4b,

respectively.

Consumption of tissue from cattle that have foraged on vegetation growing in upland soil is a
complete exposure pathway for the current/future seasonal rancher. Cattle tissue concentrations
were modeled from upland soil and surface water, and from upland soil and groundwater, with the
higher risk of the two water sources included in the cumulative risk and hazard estimate in the
Ballard BRA. For the upland soil RBCLs, the contribution from water was removed from the
modeled tissue concentration. The RBCLs for upland soil for the cattle consumption pathway,
along with EPCs, modeled cattle tissue concentrations, and risk and hazard estimates from the
Ballard BRA, are presented in Table A-5. Cancer- and non-cancer-based RBCLs, calculated

according to equations (2) and (3) above, are shown in Tables A-5a and A-5b, respectively.
2.3 RIPARIAN SOIL RBCLS

The riparian soil exposure pathways that were evaluated in the Ba/lard BRA include direct contact

pathways (i.e., incidental ingestion of riparian soil, inhalation of dust, and dermal contact with

Appendix A May 2016
Ballard Mine Feasibility Study Memo #1 Page 2-4



riparian soil) and indirect pathways (i.e., ingestion of plants grown in riparian soil). As stated in

Section 2.1, these pathways were evaluated for the Native American only.

2.3.1 Direct Exposure

The direct exposure RBCLs for riparian soil were calculated using the EPC and risk or hazard
estimates for this pathway from the Ba/lard BRA using equations (2) and (3) above. Riparian soil
RBCLs for the direct contact pathway were calculated from the riparian soil EPCs and risk and

hazard estimates presented in Table A-6.

2.3.2 Indirect Exposure Plant Consumption

Consistent with the Ballard BRA, riparian plant consumption RBCLs were calculated using measured
concentrations of COCs in culturally significant riparian plant tissue, where available. As with
upland soil RBCLs, this was achieved by assuming a linear relationship between measured riparian
soil concentrations and measured culturally significant riparian plant concentrations. The ratio of
the 95% UCL on the mean concentration in riparian plant tissue to the 95% UCL on the mean
concentration in riparian soil was used in place of the wet soil-to-plant uptake and mass loading
factor values in the modeled plant concentration portion of the dose equation. The RBCLs for
carcinogenic and non-carcinogenic chemicals were then calculated according to equations (2) and (3)

above.

The EPC, measured plant concentration, modeled plant concentration, risk and hazard estimates
from the Ballard BRA, and RBCLs for culturally significant plants harvested from riparian soil are
provided in Table A-7. Tables A-7a and A-7b present the cancer risk and noncancer hazard
calculations for culturally significant plants presented in the Ballard BRA, in addition to the riparian

soil RBCL associated with a cancer risk of 1x10* and HQ of 1, respectively.
2.4 SEDIMENT RBCLS

Sediment exposure was evaluated in the Ba/lard BRA based on consumption of culturally significant
aquatic vegetation by a Native American. No measured tissue concentrations were available for
aquatic plants and therefore uptake from sediment to plants was modeled from literature uptake

factors and equations in both the Ba/lard BRA risk and hazard calculations and the RBCL
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calculations. The literature-based sediment-to-plant uptake models include nonlinear regressions for
some metals such that equations (2) and (3) cannot be used to derive RBCLs. The sediment RBCLs
for these COCs were calculated numerically by selecting a goal value of 1 for the HQ) in the Solver
tool in Microsoft Excel. Because only one exposure pathway for sediment was evaluated in the
Ballard BRA, the indirect exposure RBCL for aquatic plant consumption is also the cumulative

sediment RBCL..

The EPC, modeled aquatic plant concentration, risk and hazard estimates from the Ba/lard BRA, and
RBCL:s for aquatic plants are provided in Table A-8. Tables A-8a and A-8b present the cancer risk
and noncancer hazard calculations for aquatic plants presented in the Ba/lard BRA, in addition to the

sediment RBCL associated with a cancer risk of 1x10™ and HQ of 1, respectively.

2.5 RADIOLOGICAL RBCLS

Radiological risks associated with exposure to radium-226 and radon-222 in upland soil presented in
the Ballard BRA and in the Ballard BRA Addendum were calculated using modeled concentrations of
these ROCs and preliminary remediation goals (PRGs) derived from the USEPA’s PRGs Calculator
(USEPA, 2014). Radiological PRGs and cancer risk estimates presented in the Ba/lard BRA were for
hypothetical future residential exposure only, and were based on default exposure assumptions for
this receptor. Radiological PRGs and cancer risk estimates presented in the Ballard BRA Addendum
were calculated for the current/future Native American, seasonal rancher, recreational hunter, and
camper/hiker. Because the upland soil direct exposure and plant ingestion pathways are equivalent
for the hypothetical future resident and the cutrent/future Native American, default PRGs for the
hypothetical future resident exposed to these media in the Ba/lard BRA were replaced with Site-
specific PRGs for the current/future Native American that were presented in the Ballard BRA
Addendum. Radiological RBCLs for all human health receptors exposed to upland soil are presented
in Table A-9.

2.6 CUMULATIVE RBCLS

Cumulative RBCLs for upland soil were calculated for the current/future Native American and

hypothetical future resident according to equation (1) above, where:
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RBCLindirect = 1 1

RBCLplant tissue RBCLelk or cattle tissue

Upland soil RBCLs for the current/future seasonal rancher, recreational hunter, and camper/hiker
are based on direct soil exposures only, and the cumulative RBCL is equal to the medium-specific

RBCL. Cumulative upland soil RBCLs for all receptors are presented in Table A-10.

Cumulative RBCLs for riparian soil include only one indirect pathway, and were calculated
according to equation (1). Sediment was evaluated through indirect exposure only, and the
cumulative RBCL is equal to the medium-specific aquatic plant RBCL. Riparian soil and sediment

RBCLs are presented in Table A-11.
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3.0 ECOLOGICAL RBCLS

This section describes the methods and assumptions that were used to calculate Site-specific
ecological RBCLs (ERBCLs) for soil and sediment. Site-specific ERBCLs for constituents identified
as COEC were calculated for all ecological receptors evaluated in the Ba/lard BRA, regardless of the

receptor-specific hazard estimate for each COEC.
3.1 GENERAL RBCL METHODS FOR ECOLOGICAL RECEPTORS

Ecological hazard estimates presented in the Ba/lard BRA accounted for a cumulative exposure from
multiple media (e.g., upland soil and surface water for a deer mouse; riparian soil, surface water, and
sediment for a mink). Medium-specific ERBCLs were calculated by assuming exposure to one
medium at a time, as described in the following subsections. The ERBCLs were calculated to
achieve a medium-specific ecological HQ of 1, using no observed adverse effects level NOAEL)-
based toxicity reference values (TRVs). The ingestion dose equations for some ecological receptors
include non-linear equations for uptake from soil or sediment to prey items, and therefore ERBCLs

were determined numerically using the Solver tool in Microsoft Excel.

3.2 UPLAND SOIL ERBCLS

Ecological receptors evaluated for exposure to upland soil in the Ba/lard BRA include the long-tailed
vole, deer mouse, American goldfinch, American Robin, coyote, and northern harrier. In order to
calculate upland soil ERBCLs, the contribution of water to the total COEC dose was removed for
those chemicals with a surface water EPC in the Ba/lard BRA. Consistent with the Ballard BRA,
measured concentrations of COECs in plant tissue, where available, were used in place of modeled
concentrations. This was achieved by assuming a linear relationship between measured soil
concentrations and the measured plant concentrations. The ratio of the 95% UCL on the mean
concentration in plant tissue to the 95% UCL on the mean concentration in upland soil was used in
place of the soil-to-plant bioaccumulation factor or regression in the modeled plant concentration
portion of the dose equation. As mentioned above, the soil-to-invertebrate and soil to vertebrate
uptake models for some COECs are based on non-liner bioaccumulation regressions, and therefore
the ERBCL was solved numerically by setting the ecological HQ) to a goal value of 1 in the Solver

tool in Microsoft Excel.
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Upland soil ERBCL:s for the long-tailed vole, deer mouse, American goldfinch, American Robin,

coyote, and northern harrier are presented in Tables A-12 through A-18.
3.3 RIPARIAN SOIL ERBCLS

Ecological receptors evaluated for exposure to riparian soil in the Ballard BRA include the raccoon,
mink, and great blue heron. The hazard estimates presented in the Ba/lard BRA for the raccoon,
mink, and great blue heron include exposure to COECs in riparian soil, sediment, and surface water.
In order to calculate riparian soil ERBCLs, it was assumed that these receptors are exposed to
riparian soil only. For the raccoon, water ingestion was removed from the dose equation, and the
diet was modified to include 10% terrestrial vertebrates and 26% terrestrial invertebrates. For the
mink, water ingestion was removed from the dose equation, and the diet was modified so that
terrestrial vertebrates comprised 100% of prey items. For the great blue heron, water and sediment
ingestion were removed from the dose equation, and the diet was modified to include 50%
terrestrial invertebrates and 50% terrestrial vertebrates. The soil to invertebrate and soil to
vertebrate uptake models for some COECs are based on bioaccumulation regressions and,
therefore, the ERBCL was solved numerically by setting the ecological HQ to a goal value of 1 in
the Solver tool in Microsoft Excel. No riparian soil ERBCLs were calculated for antimony because

the EPC for this metal was less than the concentration in background riparian soils.

Riparian soil ERBCLs for the raccoon, mink, and great blue heron are presented in Tables A-19
through A-21.

3.4 SEDIMENT ERBCLS

Ecological receptors evaluated for exposure to sediment in the Ba/lard BRA include the raccoon,
mallard, mink, and great blue heron. The hazard estimates presented in the Ba/lard BRA for the
mallard include exposure to COECs in surface water and sediment; the hazard estimates for the
raccoon, mink, and great blue heron include exposure to COECs in surface water, riparian soil, and
sediment. In order to calculate sediment ERBCLs, it was assumed that these receptors are exposed
to sediment only. For the mallard, surface water ingestion was removed from the dose equation.
For the raccoon, surface water and riparian soil were removed from the dose equation, and the diet
was modified to include 26% from aquatic invertebrates and 10% from fish. For the mink, surface

water and riparian soil were removed from the dose equation, and the diet was modified to include
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16% from aquatic invertebrates, and 84% from fish. For the great blue heron, surface water was
removed from the dose equation, and the diet was modified such that fish comprised 100% of prey
items. No sediment ERBCLs were calculated for chromium and nickel, as these chemicals were
identified as COECs for riparian soil, only. Sediment ERBCLs were solved numerically by setting

the ecological HQ) to a goal value of 1 in the Solver tool in Microsoft Excel

Sediment ERBCLs for the raccoon, mink, great blue heron, and mallard are presented in Tables A-

22 through A-25.
3.5 ERBCL SUMMARY

Upland soil, riparian soil, and sediment ERBCLs for all COECs and ecological receptors are

summarized in Table A-26.
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4.0 LIVESTOCK RBCLS

A site-specific upland soil livestock RBCL for selenium was calculated for beef cattle, as described

below.

4.1 GENERAL METHODS AND RBCLS FOR BEEF CATTLE

The only LCOC identified for beef cattle was selenium. The methods for calculating the selenium
RBCL for livestock are the same as those for calculating upland soil ERBCLs. The calculation of
the livestock RBCL for selenium is shown in Table A-27, and the livestock RBCL is presented in
Table A-28.
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Table A-1
Summary of Risk-Based Cleanup Levels for Upland Soil - Direct Contact

Risk and Ha ard Estimates (unitless) for: Risk- and Ha ard-Based Cleanup Levels® (mg/kg) for:
Current/Future Current/Future
Native American | Current/Future | Current/Future | Current/Future | Native American | Current/Future Current/Future
and Hypothetical Seasonal Recreational Recreational | and Hypothetical Seasonal Recreational Current/Future
Upland Future Resident Rancher Hunter Camper/Hiker | Future Resident Rancher Hunter Camper Hiker
Soil EPC? Risk- [ Ha ard-| Risk- |Ha ard-| Risk- | Ha ard-| Risk- [ Ha ard-
cocC (mg/kg) ILCR HQ ILCR HQ ILCR HQ ILCR HQ Based | Based | Based | Based | Based | Based | Based | Based
Antimony 4.89 NA 0.066 NA 0.025 NA 0.0014 NA 0.0017 NA 74.4 NA 194 NA 3,425 NA 2,912
Arsenic 21.8 4.1E-05 0.21 |[1.2E-05| 0.076 | 7.0E-07| 0.0046 | 1.1E-06| 0.0055 | 53.3 103 186 286 3,104 4,781 2,074 3,998
Cadmium 37.6 2.8E-10 0.16 |[1.3E-09| 0.054 | 1.4E-10| 0.0035 | 8.6E-11| 0.0042 NA® 230 NA® 698 NA® 10,801 NA® 8,861
Molybdenum 20.0 NA 0.013 NA 0.003 NA ]0.00026f NA ]0.00034 NA 1,562 NA 7,054 NA 78,011 NA 59,092
Selenium 53.5 NA 0.044 NA 0.014 NA ]0.00092( NA 0.0011 NA 1,221 NA 3,947 NA 58,280 NA 47,017
Thallium 1.20 NA 0.38 NA 0.085 NA 0.0077 NA 0.010 NA 3.12 NA 14.1 NA 156 NA 118
Uranium 38.3 NA 0.204 NA 0.0453 NA ]10.00410( NA 0.0054 NA 187 NA 845 NA 9,348 NA 7,087
Notes:

@ The exposure point concentration (EPC) is the lower of the maximum detected concentration or 95%, 97.5% or 99% UCL on the mean concentration measured in upland soil samples
collected from Ballard Mine sampling locations.

b Risk- and hazard-based cleanup levels are calculated for a chemical-specific ILCR and HQ of 1x10* and 1, respectively. Cancer-based cleanup levels are calculated as the EPC divided
by the ILCR multiplied by 10 noncancer hazard-based cleanup levels are calculated as the EPC divided by the HQ.
¢ Risk-based cleanup level exceeds 1x10° milligrams per kilogram; health effects negligible.

Bold indicates exceedance of the USEPA's risk management range and/or IDEQ's point of departure.

ILCR - incremental lifetime cancer risk

mg/kg - milligrams per kilogram

NA - not applicable

USEPA - U. S. Environmental Protection Agency

% UCL - percent upper confidence limit

COC - constituent of concern

EPC - exposure point concentration

HQ - hazard quotient

IDEQ - Idaho Department of Environmental Quality




Table A-2

Summary of Risk-Based Cleanup Levels - Culturally Significant Plants - Upland Soil

Risk- and Ha ard-
Risk and Ha ard Based Cleanup
Estimates for the Levels for the
Modeled Measured Current/Future Current/Future
Culturally Culturally Native American® Native American®
Upland |Significant Plant | Significant Plant (unitless) (mg/kg)
Soil EPC? | Concentration® | Concentration® Risk- Ha ard-
coc (mg/kg) (mg/kg) (mg/kg) ILCR HQ Based | Based
Antimony 4.89 1.52 na NA 20 NA 0.248
Arsenic 21.8 5.89 0.486 1.6E-03 8.4 1.34 2.59
Cadmium 37.6 145 0.773 NA 4.0 NA 9.35
Molybdenum 20.0 6.45 0.608 NA 0.63 NA 31.6
Selenium 53.5 14.3 41.8 NA 44 NA 1.23
Thallium 1.20 0.313 0.00493 NA 2.6 NA 0.468
Uranium 38.3 10.0 0.100 NA 87 NA 44.2
Notes:

& The lower of the maximum detected concentration and ProUCL recommended 95%, 97.5% or 99% UCL on the mean
concentration measured in upland soil samples collected from Ballard Mine sampling locations.

b The modeled culturally significant plants EPC shown here was calculated from the upland soil EPC using soil-to-plant
uptake factors.

¢ The lower of the maximum detected concentration and ProUCL recommended 95%, 97.5% or 99% UCL on the mean
concentration measured in culturally significant plants samples in wet weight. The dry weight culturally significant
plants data were converted to wet weight using an average moisture content of 66 percent.

d The ILCR and HQ estimates were based on measured plant data, where available, except for uranium, which was not
detected.

¢ Risk- and hazard-based cleanup levels are based on RME exposure assumptions and measured plant data, where
available, and calculated for a chemical-specific ILCR and HQ of 1x10™ and 1 as shown in Table A-2a and Table A-
2b, respectively.

f Uranium was not detected in upland culturally significant plant tissue. The upland culturally significant plant hazard
estimate of 87 presented in the Ballard BRA was based on a modeled plant tiessue concentration of 10.0 mg uranium
/ kg plant. The maximum detection limit for uranium in plant tissue was 0.100 mg/kg; this maximum detection limit was
used to calculate the risk-based cleanup level for uranium.

Bold indicates exceedance of the USEPA's risk management range and/or IDEQ's point of departure.

% UCL - percent upper confidence limit

COC - chemical of concern

EPC - exposure point concentration

HQ - hazard quotient

IDEQ - Idaho Department of Environmental Quality
ILCR - incremental lifetime cancer risk

mg/kg - milligrams per kilogram

NA - not applicable

na - not available

RME - reasonable maximum exposure

USEPA - U. S. Environmental Protection Agency



Table A-2a
Cancer Risk-Based Cleanup Level Calculation for Upland Soil - Culturally Significant Plants

Upland Modeled Culturally Measured Modeled Measured Pathway-Specific
Soil Significant Plant Culturally Plant Plant Cancer Slope Cancer Risk
Upland Soil Cleanup Concentration  Significant Plant |ngestion Ingestion Factor Modeled Measured Chemical-
Concentration® Level® from Soil® Concentration® Dose Dose (mg/kg-d)'1 d Plant Plant Specific
coC (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg-d) (mg/kg-d) Oral Ingestion Ingestion Risk °
Arsenic 21.8 -- 5.89 0.486 1.3E-02 1.1E-03 1.5E+00 2.0E-02 1.6E-03 1.6E-03
-- 1.34 0.0299 NA 6.7E-05 NA 1.5E+00 1.0E-04 NA 1.0E-04

Notes:

? The lower of the maximum detected concentration and ProUCL recommended 95%, 97.5% or 99% UCL on the mean concentration measured in upland soil
samples collected from Ballard Mine sampling locations.

b The cancer risk-based upland soil cleanup level associated with RME exposures to upland culturally significant plants was calculated based on measured plant
data by replacing the modeled plant concentration based on published uptake factors with a modeled concentration based on measured data, as described
below, and solving for the soil concentration that resulted in a chemical-specific cancer risk of 1x10™.

¢ The literature-based modeled plant concentration was calculated as the wet soil to plant uptake plus mass loading factor multiplied by the soil concentration. For
calculation of site-specific cleanup levels, the modeled plant concentration was calculated as the ratio of the measured plant concentration to the measured soil
concentration, multiplied by the soil cleanup level that resulted in a chemical-specific cancer risk of 1x10™.

4 Doses and risks shown only for carcinogenic chemicals with available toxicity values.

¢ Measured upland culturally significant plant data were used when available.

% UCL percent upper confidence limit mg/kg-d milligrams per kilogram per day
cocC chemical of concern NA not applicable
ILCR incremental lifetime cancer risk RME reasonable maximum exposure

mg/kg milligrams per kilogram



Table A-2b
Noncancer Risk-Based Cleanup Level Calculations for Upland Soil - Culturally Significant Plants

Upland Modeled Culturall M d
o] odeled Culturally easure Modeled Measured Pathway-Specific Ha ard

Soil Significant Plant Culturally Plant Plant Reference
Upland Soil Cleanup  Concentration Significant Plant Ingestion Ingestion Dose Modeled Measured Chemical-
Concentration® Level® from Soil°® Concentration® Dose Dose (mg/kg-d) ° Plant Plant Specific

coC (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg-d) (mg/kg-d) Oral Ingestion  Ingestion HQ®
Antimony 4.89 -- 1.52 na 7.9E-03 na 4.0E-04 20 na 20
- 0.248 0.0769 na 4.0E-04 NA 4.0E-04 1.0 na 1.0

Arsenic 21.8 -- 5.89 0.486 3.1E-02 2.5E-03 3.0E-04 102 8.4 8.4
-- 2.59 0.0576 NA 3.0E-04 NA 3.0E-04 1.0 NA 1.0

Cadmium 37.6 -- 14.5 0.773 7.5E-02 4.0E-03 1.0E-03 75 4.0 4.0
- 9.35 0.192 NA 1.0E-03 NA 1.0E-03 1.0 NA 1.0
Molybdenum 20.0 -- 6.45 0.608 3.4E-02 3.2E-03 5.0E-03 6.7 0.63 0.63
-- 31.6 0.961 NA 5.0E-03 NA 5.0E-03 1.0 NA 1.0

Selenium 53.5 - 14.3 41.8 74E-02  22E-01  5.0E-03 15 44 44
- 1.23 0.961 NA 5.0E-03 NA 5.0E-03 1.0 NA 1.0

Thallium 1.20 -- 0.313 0.00493 1.6E-03 2.6E-05 1.0E-05 163 2.6 2.6
-- 0.468 0.00192 NA 1.0E-05 NA 1.0E-05 1.0 NA 1.0

Uranium 38.3 - 10.0 0.100 5.2E-02 5.2E-04 6.0E-04 87 0.87 87f
-- 44.2 0.115 NA 6.0E-04 na 6.0E-04 1.0 na 1.0

Notes:

& The lower of the maximum detected concentration and ProUCL recommended 95%, 97.5% or 99% UCL on the mean concentration measured in upland soil samples
collected from Ballard Mine sampling locations.

P The noncancer hazard-based upland soil cleanup level associated with RME exposures to upland culturally significant plants was calculated based on measured plant
data where available by replacing the modeled plant concentration based on published uptake factors with a modeled concentration based on measured data where
available, as described below. The cleanup level is the soil concentration that results in a chemical-specific hazard of 1.

° The literature-based modeled plant concentration was calculated as the wet soil to plant uptake plus mass loading factor multiplied by the soil concentration. For
calculation of site-specific cleanup levels, the modeled plant concentration was calculated as the ratio of the measured plant concentration to the measured soil
concentration, multiplied by the soil cleanup level that resulted in a chemical-specific noncancer hazard of 1.

4 Doses and noncancer hazards shown only for noncarcinogenic chemicals with available toxicity values.
€ Measured upland culturally significant plant data were used when available.

" The uranium hazard estimate of 87 presented in the Ballard BRA was based on the modeled tissue concentration of 10.0 mg/kg because uranium was not detected in
culturally significant upland plant tissue. The risk-based cleanup level for uranium is based on the maximum detected tissue concentration of 0.100 mg/kg.

% UCL percent upper confidence limit mg/kd-d milligrams per kilogram per day
cocC constituent of concern NA not applicable

HI hazard index na not available

HQ hazard quotient RME reasonable maximum exposure

mag/kg milligrams per kilogram



Table A-3
Summary Risk-Based Cleanup Levels for Upland Soil - Fruits and Vegetables

Modeled Total

Measured

Risk and Ha ard
Estimates for the
Hypothetical Future

Risk- and Ha ard-
Based Cleanup Levels
for the Hypothetical

Fruits and Non-Culturally Resident® Future Resident®
Upland Soil | Groundwater Vegetables Significant Plant (unitless) (mg/kg)
EPC? EPC? Concentration® Concentration® Ha ard-
coC (mg/kg) (mg/L) (mg/kg) (mg/kg) ILCR HQ Risk-Based| Based
Antimony 4.89 NA 1.52 na NA 20 NA 0.248
Arsenic 21.8 0.0119 0.664 0.506 2.2E-03 12 1.29 2.49
Cadmium 37.6 0.00195 0.492 0.458 NA 2.6 NA 15.8
Molybdenum 20.0 NA 7.32 7.32 NA 7.6 NA 2.62
Selenium 53.5 0.480 20.5 14.2 NA 21 NA 3.62
Thallium 1.20 0.000286 0.0554 0.0517 NA 29 NA 0.0447
Uranium 38.3 NA 0.0435 0.0435 NA 0.38 NA 101
Notes:

% The EPCs used to model fruits and vegetables concentration is the lower of the maximum detected concentration and the ProUCL
recommended 95%, 97.5% or 99% UCL on the mean concentration measured in upland soil and groundwater samples collected from Ballard
Mine sampling locations.

® The fruits and vegetables EPC was modeled from the upland soil and groundwater EPCs using plant uptake factors.

¢ The lower of the maximum detected concentration and ProUCL recommended 95%, 97.5% or 99% UCL on the mean concentration measured

in non-culturally significant plant samples in wet weight. The dry weight non-culturally significant data were converted to wet weight using an
average moisture content of 66 percent.

d The ILCR and HQ estimates were based on measured plant data, where available.
¢ Risk- and hazard-based cleanup levels are based on RME exposure assumptions and measured plant data, where available, and calculated for
a chemical-specific ILCR and HQ of 1x10™ and 1 as shown in Table A-3a and Table A-3b, respectively.

Bold indicates exceedence of the USEPA's risk management range and/or IDEQ's point of departure.

COC - chemical of concern
EPC - exposure point concentration

HQ - hazard quotient

IDEQ - Idaho Department of Environmental Quality

ILCR - incremental lifetime cancer risk

mg/kg - milligrams per kilogram

mg/L - milligrams per liter

NA - not applicable
na - not available

USEPA - U. S. Environmental Protection Agency
RME - reasonable maximum exposure
ILCR - incremental lifetime cancer risk




Table A-3a
Cancer Risk-Based Cleanup Level Calculation for Upland Soil - Fruits and Vegetables

Modeled Fruit  Modeled Fruit

and Vegetable and Vegetable Measured Total
Upland Soil Concentration Concentration Non-Culturally Total Fruit and Plant Cancer Slope
Upland Soil Cleanup Groundwater from from Significant Plant Vegetable Ingestion Factor Chemical-
Concentration® Level® Concentration® Soil® Groundwater Concentration® Concentration® Dose  (mg/kg-d)'® Specific
coC (mg/kg) (mg/kg) (mg/L) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg-d) Oral Risk
Arsenic 21.8 -- 0.0119 5.89 0.158 0.506 0.664 1.5E-03 1.5E+00 2.2E-03
-- 1.29 NA 0.0299 NA NA 0.0299 6.7E-05  1.5E+00 1.0E-04

Notes:

@ The lower of the maximum detected concentration or ProUCL recommended 95%, 97.5% or 99% UCL on the mean concentration measured in upland soil and groundwater
samples collected from Ballard Mine sampling locations.

b The cancer risk-based upland soil cleanup level associated with RME exposures to fruits and vegetables was calculated based on measured plant data by replacing the modeled
plant concentration based on published uptake factors with a modeled concentration based on measured data, as described below, and solving for the soil concentration that
resulted in a chemical-specific cancer risk of 1x10™.

¢ The literature-based modeled plant concentration was calculated as the wet soil to plant uptake plus mass loading factor multiplied by the soil concentration. For calculation of
site-specific cleanup levels, the modeled plant concentration was calculated as the ratio of the measured plant concentration to the measured soil concentration, multiplied by the
soil cleanup level that resulted in a chemical-specific cancer risk of 1x10™.

d For an analyte that is only a chemical of potential concern (COPC) in soil, measured non-culturally significant plant concentration, when available, was used to represent the
fruits and vegetables concentration. If an analyte is a COPCs in groundwater, the total fruits and vegetables concentration is equal to the modeled concentration from
groundwater plus either the measured non-culturally significant plant concentration when available, or the modeled concentration from soil.

® Doses and risks shown only for carcinogenic chemicals with available toxicity values.

% UCL percent upper confidence limit mg/L milligrams per liter
ILCR incremental lifetime cancer risk NA not applicable
mg/kg milligrams per kilogram RME reasonable maximum exposure

mg/kd-d milligrams per kilogram per day



Table A-3b
Noncancer Ha ard-Based Cleanup Level Calculations for Upland Soil - Fruits and Vegetables

Modeled Fruit Modeled Fruit

and Vegetable and Vegetable Measured Non- Total
Upland Soil Concentration Concentration Culturally Total Fruit and Plant Reference
Upland Soil Cleanup Groundwater from from Significant Plant Vegetable Ingestion Dose Chemical-
Concentration®  Level”  Concentration® Soil° Groundwater Concentration® Concentration ° Dose  (mg/kg-d)® Specific

cocC (mg/kg) (mgl/kg) (mg/L) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg-d) Oral HQ
Antimony 4.89 -- NA 1.52 NA na 1.52 7.9E-03 4.0E-04 20
- 0.248 NA 0.0769 NA NA 0.0769 4.0E-04 4.0E-04 1.0

Arsenic 21.8 - 0.0119 5.89 0.158 0.506 0.664 3.5E-03 3.0E-04 12
- 2.49 NA 0.0576 NA NA 0.0576 3.0E-04 3.0E-04 1.0

Cadmium 37.6 - 0.00195 14.5 0.0339 0.458 0.492 2.6E-03 1.0E-03 2.6
- 15.8 NA 0.192 NA NA 0.192 1.0E-03 1.0E-03 1.0

Molybdenum 20.0 - NA 6.45 NA 7.32 7.32 3.8E-02 5.0E-03 7.6
- 2.62 NA 0.961 NA NA 0.961 5.0E-03 5.0E-03 1.0

Selenium 53.5 - 0.480 14.3 6.32 14.2 20.5 1.1E-01 5.0E-03 21
- 3.62 NA 0.961 NA NA 0.961 5.0E-03 5.0E-03 1.0

Thallium 1.20 - 0.000286 0.313 0.00370 0.0517 0.0554 2.9E-04 1.0E-05 29
- 0.0447 NA 0.00192 NA NA 0.00192 1.0E-05 1.0E-05 1.0
Uranium 38.3 - NA 10.0 NA 0.0435 0.0435 2.3E-04 6.0E-04 0.38
- 101 NA 0.115 NA NA 0.115 6.0E-04 6.0E-04 1.0

Notes:

® The lower of the maximum detected concentration or ProUCL recommended 95%, 97.5% or 99% UCL on the mean concentration measured in upland soil and groundwater samples
collected from Ballard Mine sampling locations.

® The noncancer hazard-based upland soil cleanup level associated with RME exposures to fruits and vegetables was calculated based on measured plant data where available by
replacing the modeled plant concentration based on published uptake factors with a modeled concentration based on measured data where available, as described below. The cleanup
level is the soil concentration that results in a chemical-specific hazard of 1.

° The literature-based modeled plant concentration was calculated as the wet soil to plant uptake plus mass loading factor multiplied by the soil concentration. For calculation of site-
specific cleanup levels, the modeled plant concentration was calculated as the ratio of the measured plant concentration to the measured soil concentration, multiplied by the soil
cleanup level that resulted in a chemical-specific noncancer hazard of 1.

4 For an analyte that is only a chemical of potential concern (COPC) in soil, measured non-culturally significant plant concentration, when available, was used to represent the fruits and
vegetables concentration. If an analyte is a COPCs in groundwater, the total fruits and vegetables concentration is equal to the modeled concentration from groundwater plus either the
measured non-culturally significant plant concentration when available, or the modeled concentration from soil.

¢ Doses and noncancer hazards shown only for noncarcinogenic chemicals with available toxicity values.

% UCL percent upper confidence limit mg/kd-d milligrams per kilogram per day
cocC chemical of concern mg/L milligrams per liter

EPC exposure point concentration NA not applicable

HQ hazard quotient na not available

mg/kg milligrams per kilogram RME reasonable maximum exposure



Table A-4
Summary of Risk-Based Cleanup Levels - Elk - Upland Soil

Risk and Ha ard Risk- and Ha ard-Based

Estimates for the Cleanup Levels for the

Current/Future Current/Future Native

Surface Native American” American®
Upland | Water Modeled Elk (unitless) (mg/kg)

Soil EPC?| EPC? Concentration® Risk- Ha ard-
coc (mg/kg) | (mglL) (mg/kq) ILCR HQ Based Based
Antimony 10.9 NA 0.000291 NA 0.00022 NA 50,229
Arsenic 45.5 0.0556 0.003391 6.5E-07 0.0034 14,808 28,557
Cadmium 167 NA 0.00402 NA 0.0012 NA 139,359
Molybdenum 48.7 0.160 0.02407 NA 0.0014 NA 94,581
Selenium 209 2.84 0.738 NA 0.044 NA 66,688

Thallium 3.68 NA 0.00229 NA 0.068 NA 53.8

Uranium 87.1 0.0599 0.000468 NA 0.00023 NA 635,749

Notes:
a Elk tissue was evaluated in the Tier | risk assessment only; therefore the soil and surface water EPCs are equal to
the maximum detected concentration measured in those media collected from Ballard Mine sampling locations.
b Modeled tissue concentration and cancer risk and noncancer hazard estimates shown here include contamination
in tissue from surface water in addition to soil.
¢ Risk- and hazard-based cleanup levels were calculated for a chemical-specific ILCR and HQ of 1x10* and 1,

respectively. The cleanup levels are calculated as the soil EPC divided by the ILCR multiplied by 10 and as the
soil EPC divided by the HQ, as shown in Tables A-4a and A-4b, respectively.

Bold indicates exceedence of the USEPA's risk management range and/or IDEQ's point of departure.

COC - chemical of concern mg/kg - milligrams per kilogarm

EPC - exposure point concentration mg/L - milligrams per liter

HQ - hazard quotient NA - not applicable

IDEQ - Idaho Department of Environmental Quality USEPA - U. S. Environmental Protection Agency

ILCR - incremental lifetime cancer risk



Table A-4a
Cancer Risk-Based Cleanup Level Calculation for Upland Soil - Elk Tissue

Modeled Elk
Modeled Elk Tisse Modeled
Upland Soil Tissue Concentration Total Elk Elk Cancer Slope
Upland Soil Cleanup Surface Water Concentration from Surface Tissue Ingestion Factor Chemical-

Concentration® Level” Concentration® from Soil Water Concentration Dose (mglkg-d)'1 © Specific

Analyte (mg/kg) (mg/kg) (mg/L) (mg/kg) (mg/kg) (mg/kg) (mg/kg-d) Oral Risk
Arsenic 45.5 - 0.0556 0.00160 0.00179 0.00339 4.3E-07 1.5E+00 6.5E-07
- 14,808 NA 0.521 NA 0.521 6.7E-05 1.5E+00 1.0E-04

Notes:

& Maximum detected concentration measured in upland soil and surface water samples collected from Ballard Mine sampling locations.

b The cancer risk-based upland soil cleanup level associated with RME exposures to elk tissue was calculated from the soil concentration only, as the EPC
divided by the chemical specific risk for soil-based tissue uptake, multiplied by 0.0001.

¢ Doses and risks shown only for carcinogenic chemicals with available toxicity values.

EPC exposure point concentration mg/L milligrams per liter
mg/kg milligrams per kilogram NA not applicable
mg/kg-d  milligrams per kilogram per day RME reasonable maximum exposure



Table A-4b

Noncancer Risk-Based Cleanup Level Calculations for Upland Soil - Elk Tissue

Modeled Elk
Upland Modeled Elk Tisse Modeled
Soil Tissue Concentration Total Elk Elk Reference
Upland Soil Cleanup  Surface Water Concentration from Surface Tissue Ingestion Dose Chemical-
Concentration’ Level® Concentration® from Soil Water Concentration Dose (mg/kg-d) © Specific
Analyte (mg/kg) (mg/kg) (mg/L) (mg/kg) (mg/kg) (mg/kg) (mg/kg-d) Oral HQ
Antimony 10.9 - NA 0.000291 NA 0.000291 8.7E-08 4.0E-04 0.00022
-- 50,229 NA 1.34 NA 1.34 4.0E-04 4.0E-04 1.0
Arsenic 45.5 -- 0.0556 0.00160 0.00179 0.00339 1.0E-06 3.0E-04 0.0034
-- 28,557 NA 1.01 NA 1.01 3.0E-04 3.0E-04 1.0
Cadmium 167 - NA 0.00402 NA 0.00402 1.2E-06 1.0E-03 0.0012
-- 139,359 NA 3.35 NA 3.35 1.0E-03 1.0E-03 1.0
Molybdenum 48.7 -- 0.160 0.00863 0.0154 0.0241 7.2E-06 5.0E-03 0.0014
- 94,581 NA 16.8 NA 16.8 5.0E-03 5.0E-03 1.0
Selenium 209 - 2.84 0.0525 0.685 0.738 2.2E-04 5.0E-03 0.044
-- 66,688 NA 16.8 NA 16.8 5.0E-03 5.0E-03 1.0
Thallium 3.68 - NA 0.00229 NA 0.00229 6.8E-07 1.0E-05 0.068
-- 53.8 NA 0.0335 NA 0.0335 1.0E-05 1.0E-05 1.0
Uranium 87.1 -- 0.0599 0.000276 0.000193 0.000468 1.4E-07 6.0E-04 0.00023
-- 635,749 NA 2.01 NA 2.01 6.0E-04 6.0E-04 1.0
Notes:

& Maximum detected concentration measured in upland soil and surface water samples collected from Ballard Mine sampling locations.
® The noncancer hazard-based upland soil cleanup level associated with RME exposures to elk tissue was calculated from the soil concentration only, as the EPC

divided by the chemical specific hazard for soil-based tissue uptake.
¢ Doses and noncancer hazards shown only for chemicals with available toxicity values.

EPC exposure point concentration mg/L
HQ hazard quotient NA
mg/kg milligrams per kilogram RME
mg/kd-d milligrams per kilogram per day

milligrams per liter
not applicable
reasonable maximum exposure



Table A-5

Summary of Risk-Based Cleanup Levels for Upland Soil - Cattle Tissue

Risk and Ha ard Risk- and Ha ard-
Estimates for the Based Cleanup
Current/Future Levels for the
Seasonal Current/Future
Rancher Seasonal Rancher®
Upland Soil | Groundwater | Modeled Cattle (unitless) (mgl/kg)
EPC? Concentration® | Concentration® Risk- Ha ard-
CcOC (mg/kg) (mg/L) (mg/kg) ILCR HQ Based Based
Antimony 4.89 NA 0.00915 NA 0.15 NA 32.8
Arsenic 21.8 0.0119 0.0558 1.9E-04 1.2 11.9 18.4
Cadmium 37.6 0.00195 0.0628 NA 0.41 NA 92.1
Molybdenum 20.0 NA 0.248 NA 0.32 NA 62.0
Selenium 53.5 0.480 1.34 NA 1.7 NA 42.9
Thallium 1.20 0.000286 0.0540 NA 35 NA 0.0345
Uranium 38.3 NA 0.00864 NA 0.094 NA 408
Notes:

@ The EPCs used to model cattle concentration is the lower of the maximum detected concentration or the ProUCL
recommended 95%, 97.5% or 99% UCL on the mean concentration measured in upland soil and groundwater
samples collected from Ballard Mine sampling locations.

® The cattle EPC used in the risk assessment was modeled from upland soil and groundwater EPCs.

¢ Risk- and hazard-based cleanup levels were calculated for a chemical-specific ILCR and HQ of 1x10™* and 1, as
shown in Tables 5a and 5b, respectively.

Bold indicates exceedence of the USEPA's risk management range and/or IDEQ's point of departure.

% UCL - percent upper confidence limit

COC - chemical of concern

EPC - exposure point concentration

HQ - hazard quotient

mg/kg - milligrams per kilogram
mg/L - milligrams per liter

NA - not applicable

RME - reasonable maximum exposure
IDEQ - Idaho Department of Environmental Quality USEPA - U. S. Environmental Protection Agency
ILCR - incremental lifetime cancer risk




Table A-5a
Cancer Risk-Based Cleanup Level Calculation for Upland Soil - Cattle Tissue

Modeled Cattle Modeled
Upland Soil Modeled Cattle Concentration Cattle  Cancer Slope
Upland Soil Cleanup Groundwater Concentration from Total Cattle Ingestion Factor Chemical-
Concentration® Level® Concentration from Soil Groundwater Concentration Dose (mglkg-d)'1 ¢  Specific
coC (mg/kg) (mg/kg) (mgl/L) (mg/kg) (mg/kg) (mg/kg) (mg/kg-d) Oral Risk
Arsenic 21.8 - 0.0119 0.0546 0.00126 0.0558 1.2E-04 1.5E+00 1.9E-04
- 11.9 NA 0.0298 NA 0.0298 6.7E-05 1.5E+00 1.0E-04

Notes:

a Maximum detected concentration or the ProUCL recommended 95%, 97.5% or 99% UCL on the mean concentration measured in upland soil and
groundwater samples collected from Ballard Mine sampling locations.

b The cancer risk-based upland soil cleanup level associated with RME exposures to cattle tissue was calculated from the soil concentration only, as the EPC
divided by the chemical specific risk for soil-based tissue uptake, multiplied by 0.0001.

¢ Doses and risks shown only for carcinogenic chemicals with available toxicity values.

% UCL  percent upper confidence limit mg/kg-d milligrams per kilogram per day
CcocC chemical of concern mg/L milligrams per liter
ILCR incremental lifetime cancer risk NA not applicable

mg/kg milligrams per kilogram RME reasonable maximum exposure



Table A-5b
Noncancer Risk-Based Cleanup Level Calculations for Upland Soil - Cattle Tissue

Modeled Cattle Modeled
Modeled Cattle Concentration Cattle Reference
Upland Soil Upland Soil Groundwater Concentration from Total Cattle  Ingestion Dose Chemical-
Concentration® Cleanup Level® Concentration® from Soil Groundwater Concentration Dose (mg/kg-d) ©  Specific

CcOoC (mg/kg) (mg/kg) (mg/L) (mg/kg) (mg/kg) (mg/kg) (mg/kg-d) Oral HQ
Antimony 4.89 -- NA 0.00915 NA 9.1E-03 6.0E-05 4.0E-04 0.15

-- 32.8 NA 0.0614 NA 6.1E-02 4.0E-04 4.0E-04 1.0
Arsenic 21.8 - 0.0119 0.0546 0.00126 5.6E-02 3.6E-04 3.0E-04 1.2

-- 18.4 NA 0.0460 NA 4.6E-02 3.0E-04 3.0E-04 1.0
Cadmium 37.6 -- 0.00195 0.0627 0.0000568 6.3E-02 4.1E-04 1.0E-03 0.41

-- 92.1 NA 0.153 NA 1.5E-01 1.0E-03 1.0E-03 1.0
Molybdenum 20.0 -- NA 0.248 NA 2.5E-01 1.6E-03 5.0E-03 0.32

-- 62.0 NA 0.767 NA 7.7E-01 5.0E-03 5.0E-03 1.0
Selenium 53.5 - 0.4800 0.957 0.382 1.3E+00 8.7E-03 5.0E-03 1.7

-- 42.9 NA 0.767 NA 7.7E-01 5.0E-03 5.0E-03 1.0
Thallium 1.20 - 0.000286 0.0534 0.000605 5.4E-02 3.5E-04 1.0E-05 35

-- 0.0345 NA 0.00153 NA 1.5E-03 1.0E-05 1.0E-05 1.0
Uranium 38.3 -- NA 0.00864 NA 8.6E-03 5.6E-05 6.0E-04 0.094

-- 408 NA 0.0921 NA 9.2E-02 6.0E-04 6.0E-04 1.0

Notes:

a Maximum detected concentration or the ProUCL recommended 95%, 97.5% or 99% UCL on the mean concentration measured in upland soil and groundwater
samples collected from Ballard Mine sampling locations.
b The noncancer hazard-based upland soil cleanup level associated with RME exposures to cattle tissue was calculated from the soil concentration only, as the EPC
divided by the chemical specific hazard for soil-based tissue uptake.
¢ Doses and noncancer hazards shown only for noncarcinogenic chemicals with available toxicity values.

% UCL
cocC
EPC
HQ
mg/kg

percent upper confidence limit
chemical of concern

exposure point concentration
hazard quotient
milligrams per kilogram

mg/kd-d
mg/L

RME

milligrams per kilogram per day
milligrams per liter

not applicable

reasonable maximum exposure



Summary of Risk-Based Cleanup Levels for Riparian Soil

Table A-6

Direct Contact

Risk and Ha ard Estimates for the | Risk- and Ha ard-Based Cleanup
Current/Future Levels for the Current/Future
Riparian Soil Native American Native American®
EPC? (unitless) (mg/kg)

CcOC (mg/kg) ILCR HQ Risk-Based Ha ard-Based
Arsenic 5.83 1.1E-05 0.057 53.3 103
Cadmium 25.4 1.9E-10 0.11 NA® 230
Molybdenum 16.4 NA 0.011 NA 1,562
Nickel 281 3.0E-10 0.17 NA® 1,612
Selenium 89.5 NA 0.073 NA 1,221
Thallium 0.376 NA 0.12 NA 3.12
Vanadium 233 NA 0.82 NA 285

Notes:

& The exposure point concentration (EPC) is the lower of the maximum detected concentration or 95%, 97.5%
or 99% UCL on the mean concentration measured in riparian soil samples collected from Ballard Mine
sampling locations.

b Risk- and hazard-based cleanup levels are calculated for a chemical-specific ILCR and HQ of 1x10* and 1,

respectively. Cancer-based cleanup levels are calculated as the EPC divided by the ILCR multiplied by 10;
noncancer hazard-based cleanup levels are calculated as the EPC divided by the HQ.

¢ Risk-based cleanup level exceeds 1,000,000 milligrams per kilogram - health effects are negligible.

Bold indicates exceedence of the USEPA's risk management range and/or IDEQ's point of departure.

% UCL - percent upper confidence limit

COC - chemical of concern

EPC - exposure point concentration
HQ - hazard quotient

IDEQ - Idaho Department of Environmental Quality

ILCR - incremental lifetime cancer risk
mg/kg - milligrams per kilogarm

NA - not applicable

USEPA - U. S. Environmental Protection Agency




Table A-7
Summary of Risk-Based Cleanup Levels for Riparian Soil Culturally Significant Plants

Risk and Ha ard Risk- and Ha ard-
Estimates for the |Based Cleanup Levels
Modeled Current/Future for the Current/Future
Culturally Measured Native American® Native American®
Riparian | Significant Plant | Riparian Plant (unitless) (mg/kg)
Soil EPC?| Concentration® | Concentration® Risk- Ha ard-
coc (mglkg) (mg/kg) (mg/kg) ILCR HQ Based Based
Arsenic 5.83 1.57 na 5.3E-03 27 0.111 0.213
Cadmium 25.4 9.76 0.651 NA 3.4 NA 7.48
Molybdenum 16.4 5.30 4.88 NA 5.1 NA 3.23
Nickel 281 77.2 na NA 20 NA 14.0
Selenium 89.5 23.8 5.47 NA 5.7 NA 15.7
Thallium 0.376 0.0981 na NA 51 NA 0.00736
Vanadium 233 60.9 na NA 63 NA 3.68

Notes:
a The lower of the maximum detected concentration and ProUCL recommended 95%, 97.5% or 99% UCL on the
mean concentration measured in Riparian Soil samples collected from Ballard Mine sampling locations.

b The modeled culturally significant plants EPC shown here was calculated from the riparian soil EPC using soil-to-
plant uptake factors.

¢ The lower of the maximum detected concentration and ProUCL recommended 95%, 97.5% or 99% UCL on the
mean concentration measured in riparian plant samples in wet weight. The dry weight riparian plant data were
converted to wet weight using an average moisture content of 66 percent.

d The ILCR and HQ estimates were based on measured plant data, where available.

¢ Risk- and hazard-based cleanup levels are based on RME exposure assumptions and measured plant data, where

available, and calculated for a chemical-specific ILCR and HQ of 1x10™ and 1 as shown in Table A-7a and Table
A-T7b, respectively.

Bold indicates exceedence of the USEPA's risk management range and/or IDEQ's point of departure.

% UCL - percent upper confidence limit ILCR - incremental lifetime cancer risk
COC - chemical of concern mg/kg - milligrams per kilogarm

EPC - exposure point concentration NA - not applicable

HQ - hazard quotient na - not available

IDEQ - Idaho Department of Environmental RME - reasonable maximum exposure

Quality USEPA - U. S. Environmental Protection Agency




Table A-7a
Cancer Risk-Based Cleanup Level Calculation for Riparian Soil - Culturally Significant Plants

Modeled
Riparian Culturally Modeled Measured Pathway-Specific
Soil  Significant Plant  Measured Plant Plant  Cancer Slope Cancer Risk
Riparian Soil Cleanup Concentration Riparian Plant Ingestion Ingestion Factor Modeled Measured Chemical-
Concentration® Level” from Soil® Concentration Dose Dose (mg/kg-d)™**® Plant Plant Specific
coC (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg-d) (mg/kg-d) Oral Ingestion Ingestion Risk

Arsenic 5.83 -- 1.57 na 3.5E-03 NA 1.5E+00 5.3E-03 na 5.3E-03

-- 0.111 0.0299 NA 6.7E-05 NA 1.5E+00 1.0E-04 na 1.0E-04

Notes:

@ The lower of the maximum detected concentration and ProUCL recommended 95%, 97.5% or 99% UCL on the mean concentration measured in Riparian
Soil samples collected from Ballard Mine sampling locations.

b The cancer risk-based riparian soil cleanup level associated with RME exposures to riparian culturally significant plants was calculated using a modeled plant
concentration based on published uptake factors and solving for the soil concentration that resulted in a chemical-specific cancer risk of 1x10™ because
measured data were not available for arsenic in riparian culturally significant plants.

¢ The literature-based modeled plant concentration was calculated as the wet soil to plant uptake plus mass loading factor multiplied by the soil concentration.

d Doses and risks shown only for carcinogenic chemicals with available toxicity values.

% UCL percent upper confidence limit mg/kg-d milligrams per kilogram per day
cocC chemical of concern NA not applicable
ILCR incremental lifetime cancer risk na not available

mg/kg milligrams per kilogram RME reasonable maximum exposure



Table A-7b
Noncancer Risk-Based Cleanup Level Calculations for Riparian Soil - Culturally Significant Plants

o Modeled Measured
Riparian Culturally Culturally Modeled Measured .
Soil  significant Plant  Significant  Plant Plant  Reference Pathway-Specific Ha ard
Riparian Soil  Cleanup Concentration Plant Ingestion Ingestion Dose Modeled Measured Chemical-
Concentration® Level® from Soil® Concentration Dose Dose (mg/kg-d) d Plant Plant Specific
COC (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg-d) (mg/kg-d) Oral Ingestion Ingestion HQ ©
Arsenic 5.83 -- 1.57 na 8.2E-03 na 3.0E-04 27 na 27
- 0.213 0.0576 NA 3.0E-04 NA 3.0E-04 1.0 na 1.0
Cadmium 25.4 -- 9.76 0.65 5.1E-02 3.4E-03 1.0E-03 51 34 3.4
-- 7.48 0.192 NA 1.0E-03 NA 1.0E-03 1.0 na 1.0
Molybdenum 16.4 -- 5.30 4.88 2.8E-02 2.5E-02 5.0E-03 5.5 5.1 5.1
-- 3.23 0.961 NA 5.0E-03 NA 5.0E-03 1.0 na 1.0
Nickel 281 -- 77.2 na 4.0E-01 na 2.0E-02 20 na 20
- 14.0 3.84 NA 2.0E-02 NA 2.0E-02 1.0 na 1.0
Selenium 89.5 -- 23.8 5.47 1.2E-01 2.8E-02 5.0E-03 25 5.7 5.7
-- 15.7 0.961 NA 5.0E-03 NA 5.0E-03 1.0 na 1.0
Thallium 0.376 -- 0.0981 na 5.1E-04 na 1.0E-05 51 na 51
- 0.00736 0.00192 NA 1.0E-05 NA 1.0E-05 1.0 na 1.0
Vanadium 233 -- 60.9 na 3.2E-01 na 5.0E-03 63 na 63
- 3.68 0.961 NA 5.0E-03 NA 5.0E-03 1.0 na 1.0
Notes:

& The lower of the maximum detected concentration and ProUCL recommended 95%, 97.5% or 99% UCL on the mean concentration measured in Riparian Soil samples

collected from Ballard Mine sampling locations.

The noncancer hazard-based riparian soil cleanup level associated with RME exposures to riparian culturally significant plants was calculated based on measured plant
data where available, as described below. The cleanup level is the soil concentration that results in a chemical-specific hazard of 1.

¢ The literature-based modeled plant concentration was calculated as the wet soil to plant uptake plus mass loading factor multiplied by the soil concentration. For
calculation of site-specific cleanup levels, the modeled plant concentration was calculated as the ratio of the measured plant concentration to the measured soil
concentration, multiplied by the soil cleanup level that resulted in a chemical-specific noncancer hazard of 1.

4 Doses and noncancer hazards shown only for noncarcinogenic chemicals with available toxicity values.
¢ Measured riparian culturally significant plant data were used when available.

% UCL
cocC
EPC
HQ
mg/kg

percent upper confidence limit
chemical of concern
exposure point concentration
hazard quotient

milligrams per kilogram

mg/kd-d
NA

na

RME

milligrams per kilogram per day
not applicable

not available

reasonable maximum exposure



Table A-8

Summary of Risk-Based Cleanup Levels for Sediment Culturally
Significant Aquatic Plants

Risk and Ha ard Risk- and Ha ard-
Modeled Estimates for the |Based Cleanup Levels
Culturally Current/Future for the Current/Future
Surface Significant Native American Native American®
Sediment Water Aquatic Plant (unitless) (mg/kg)
EPC? EPC? Concentration® Risk- Ha ard-
coC (mg/kg) (mg/kg) (mg/kq) ILCR HQ Based Based
Arsenic 13.0 0.0123 0.167 5.6E-04 2.9 2.33 4.49
Cadmium 42.1 NA 1.64 NA 8.5 NA 0.828
Selenium 208 0.506 63.2 NA 66 NA 4,70

Notes:

2 The EPCs used to model culturally significant aquatic plants concentration is the lower of the maximum
detected concentration or the 95% UCL on the mean concentration measured in sediment or surface
water samples collected from Ballard Mine sampling locations.

® The culturally significant aquatic plants EPCs for surface water chemicals of potential concern were
modeled from the sediment EPCs using sediment-to-plant uptake factors when sediment data were
available.

Risk- and hazard-based cleanup levels were calculated for a chemical-specific ILCR and HQ of 1x10™
and 1, respectively. Sediment to aquatic plant uptake regressions for some metals, including cadmium
and selenium are not linear, and therefore risk-based cleanup levels for were determined numerically
using the Solver tool in Excel, as shown in Tables A-8a and A-8b.

C

Bold indicates exceedence of the USEPA's risk management range and/or IDEQ's point of departure.

% UCL - percent upper confidence limit mg/L - milligrams per liter

EPC - exposure point concentration NA - not applicable

COC - chemical of concern na - not available

HQ - hazard quotient USEPA - U. S. Environmental Protection Agency
IDEQ - Idaho Department of Environmental Quality RME - reasonable maximum exposure

ILCR - incremental lifetime cancer risk
mg/kg - milligrams per kilogarm



Table A-8a
Cancer Risk-Based Cleanup Level Calculation for Sediment - Culturally Significant Aquatic Plants

Modeled Culturally Modeled Culturally Modeled

Sediment Significant Aquatic Significant Aquatic Plant Plant Cancer Slope
Sediment Cleanup  Surface Water Plant Concentration Concentration from Ingestion Factor Chemical-
Concentration® Level” Concentration®  from Sediment Sediment ¢ Dose (mg/kg-d)™*?  Specific
coC (mg/kg) (mg/kg) (mg/L) (mg/kg dry weight) (mg/kg wet weight) (mg/kg-d) Oral Risk
Arsenic 13.0 -- 0.0123 0.489 0.167 3.7E-04 1.5E+00 5.6E-04
- 2.33 NA 0.0873 0.0299 6.7E-05 1.5E+00 1.0E-04

Notes:

a Maximum detected concentration or 95% UCL on the mean concentration measured in sediment or surface water samples collected from Ballard Mine
sampling locations.

b Cancer risk-based cleanup level for arsenic modeled using a linear sediment to plant uptake factor and calculated as the EPC divided by the ILCR,
multiplied by the target risk of 0.0001.

¢ Dry weight plant concentrations were converted to wet weight plant concentrations assuming a plant moisture content of 65.7 percent.

9 Doses and risks shown only for carcinogenic chemicals with available toxicity values.

95% UCL 95 percent upper confidence limit mg/kg-d milligrams per kilogram per day
CcocC chemical of concern mg/L milligrams per liter

ILCR incremental lifetime cancer risk NA not applicable

mg/kg milligrams per kilogram RME reasonable maximum exposure

mg/kg-d milligrams per kilogram per day



Table A-8b

Noncancer Risk-Based Cleanup Level Calculations for Sediment - Culturally Significant Aquatic Plants

Modeled
Culturally Modeled Culturally Modeled
Sediment Significant Significant Aquatic Plant Reference
Sediment Cleanup Surface Water Aquatic Plant Plant Concentration Ingestion Dose Chemical-
Concentration® Level” Concentration® Concentration from Sediment ° Dose (mg/kg-d)° Specific
coC (mg/kg) (mg/kg) (mg/L) from Sediment (mg/kg wet weight) (mg/kg-d) Oral HQ
Arsenic 13.0 - 0.0123 0.489 0.167 8.7E-04 3.0E-04 2.9
- 4.49 NA 0.168 0.0576 3.0E-04 3.0E-04 1.0
Cadmium 42.1 - NA 4,79 1.64 8.5E-03 1.0E-03 8.5
-- 0.828 NA 0.561 0.192 1.0E-03 1.0E-03 1.0
Selenium 208 - 0.506 185 63.2 3.3E-01 5.0E-03 66
-- 4.70 NA 2.81 0.961 5.0E-03 5.0E-03 1.0
Notes:

3 Maximum detected concentration or 95% UCL on the mean concentration measured in sediment or surface water samples collected from Ballard

Mine sampling locations.

® Noncancer hazard-based cleanup level for arsenic modeled using a linear sediment to plant uptake factor and calculated as the EPC divided by the
HQ. Noncancer hazard-based cleanup levels for cadmium and selenium modeled using nonlinear sediment to plant uptake factors and calculated

with the Solver tool in Excel.

¢ Dry weight plant concentrations were converted to wet weight plant concentrations assuming a plant moisture content of 65.7 percent.
4 Doses and noncancer hazards shown only for noncarcinogenic chemicals with available toxicity values.

95% 95 percent upper confidence limit
EPC exposure point concentration

HQ hazard quotient

mg/k milligrams per kilogram

mg/kd-d
mg/L
NA

milligrams per kilogram per day
milligrams per liter
not applicable



Table A-9

Summary of Risk-Based Cleanup Levels for Radium-226 in Upland Soil

Risk-Based Cleanup Levels® (pCi/g) for:

Current Current
Current Hypothetical [Future /Future
[Future Native Future Seasonal Recreational |Current/Future
Radium-226 American Resident Rancher Hunter Camper Hiker
Direct Exposure 6.24 6.24 7.42 13.0 20.8
Ingestion of Soll 153 153 515 4,420 5,900
External Exposure 6.50 6.50 7.53 13.0 20.9
Dust Inhalation 1,940,000 1,940,000 409,000 3,510,000 6,250,000
Upland Plant Tissue 0.254 0.254 NA NA NA
Elk Tissue 11,200 NA NA 2,370 NA
Cattle Tissue NA NA 20.0 NA NA
Cumulative 0.244 0.244 5.41 12.9 20.8
Notes:

a Calculated using the USEPA's online Preliminary Remediation Goal calculator, as described in MWH (2105).

NA - not applicable

pCi/g - picoCuries per gram



Table A-10
Upland Soil Risk-Based Cleanup Levels for Human Health

Current/Future Native American

Upland Soil
coC Direct Exposure Upland Plant Elk Cumulative
Antimony 74.4 0.248 50,229 0.247
Arsenic 53.3 1.34 14,808 1.31
Cadmium 230 9.35 139,359 8.99
Molybdenum 1,562 31.6 94,581 31.0
Radium-226% 6.24 0.254 11,200 0.244
Selenium 1,221 1.23 66,688 1.23
Thallium 3.12 0.468 53.8 0.404
Uranium 187 44.2 635,749 35.7
Hypothetical Future Resident
Direct Exposure Upland Plant Cumulative
Antimony 74.4 0.248 0.247
Arsenic 53.3 1.29 1.26
Cadmium 230 15.8 14.8
Molybdenum 1,562 2.62 2.62
Radium-226° 6.24 0.254 0.244
Selenium 1,221 3.62 3.61
Thallium 3.12 0.0447 0.0440
Uranium 187 101 65.8
Current/Future Seasonal Rancher
Direct Exposure Cattle Tissue Cumulative
Antimony 194 32.8 28.1
Arsenic 186 11.9 11.2
Cadmium 698 92.1 81.4
Molybdenum 7,054 62.0 61.5
Radium-226° 7.42 20.0 5.41
Selenium 3,947 42.9 42.4
Thallium 14.1 0.0345 0.0345
Uranium 845 408 275
Current/Future Recreational Hunter Current/Future Camper/Hiker
Direct Exposure Elk Cumulative Direct Exposure Cumulative
Antimony 3,425 NA® 3,425 2,912 2,912
Arsenic 3,104 NAP 3,104 2,074 2,074
Cadmium 10,801 NA® 10,801 8,861 8,861
Molybdenum 78,011 NAP 78,011 59,092 59,092
Radium-226% 13.0 NA® 13.0 20.8 0.208
Selenium 58,280 NAP 58,280 47,017 47,017
Thallium 156 NAP 156 118 118
Uranium 9,348 NAP 9,348 7,087 7,087
Notes

All concentrations are in units of milligrams per kilograms (mg/kg) except for radium-226, which is an activity of
picocuries per gram (pCi/g).

COC - chemical of concern NA - not applicable

* Direct exposure to radium-226 includes external exposure to radiation, in addition to incidental ingestion of soil
and inhalation of soil particulates.

b Elk consumption was not evaluated for the current/future recreational hunter because this receptor was evaluated
in the Tier Il risk assessment only, and elk tissue was determined not to be a medium of concern in the Tier | risk
assessment.



Riparian Soil and Sediment Risk-Based Cleanup Levels for Human Health

Table A-11

Riparian Soil Current/Future Native American

cOC Direct Exposure Riparian Plant Cumulative
Arsenic 53.3 0.111 0.110
Cadmium 230 7.48 7.24
Molybdenum 1,562 3.23 3.23
Nickel 1,612 14.0 13.9
Selenium 1,221 15.7 15.5
Thallium 3.12 0.00736 0.00734
Vanadium 285 3.68 3.63

Current/Future Native American

Sediment COC Aquatic Plants Cumulative
Arsenic 2.33 2.33
Cadmium 0.828 0.828
Selenium 4.70 4.70

Notes

All concentrations are in units of milligrams per kilograms (mg/kg).

COC - chemical of concern




Table A-12

Ecological Risk-Based Cleanup Level Calculations for Upland Soil - Long-Tailed Vole

EPC? ERBCL EPC Measured Plant  Ingestion TRV Ecological
Cup solL CwATER Cup solL BAFs," BAFg," Crant®  Concentration ® Dose © NOAEL Ha ard

COEC (mg/kg) (mg/L) (mg/kg) (site-specific)  (mg/kg) (mg/kg) (mg/kg-day) (mg/kg-day) High

Antimony 4.89 NA 3.15 Regression NA 0.116 NA 5.9E-02 5.9E-02 1.0

Cadmium 37.6 0.00440 38.2 Regression 0.0413 1.58 1.55 7.7E-01 7.7E-01 1.0

Chromium, total 327 NA 247 0.041 0.00741 1.83 2.42 2.4E+00 2.4E+00 1.0

Copper 87.2 0.380 195 Regression 0.0689 13.5 6.01 5.6E+00 5.6E+00 1.0

Molybdenum 20.0 NA 0.895 0.917 0.821 18.3 2.6E-01 2.6E-01 1.0

Nickel 205 NA 112 Regression 0.0252 2.82 5.18 1.7E+00 1.7E+00 1.0

Selenium 53.5 2.84 0.605 Regression 0.741 0.449 39.7 1.4E-01 1.4E-01 1.0

Thallium 1.20 NA 0.0884 0.0040 0.112 0.00986 0.134 3.7E-03 3.7E-03 1.0

Vanadium 239 0.0430 483 0.00485 0.00387 1.87 0.925 4.2E+00 4.2E+00 1.0

Zinc 835 NA 2,562 Regression 0.0713 183 59.6 7.5E+01 7.5E+01 1.0

Notes: Exposure Parameters

BAFgp - bioaccumulation factor from soil to plants Body Weight: 0.037 kg

Cup_soi - Upland Soil Concentration Food Ingestion Rate (FIR): 0.0115 kg (dry wt)/day

Cwarter - Surface Water Concentration FIR_Plants (100%): 0.0115 kg (dry wt)/day

COEC - chemical of ecological concern FIR_Soil (2.4%): 0.00028 kg (dry wt)/day

EPC - exposure point concentration Water Ingestion Rate: 0 L/day

ERBCL - ecological risk based cleanup level Exposure Duration (ED): 1 unitless

HI - hazard index Site Utilization Factor (SUF): 1 unitless

HQ - hazard quotient Home range: 0.066 acres

LOAEL - lowest observed adverse effects level Exposure area: 412 acres

mg/kg - milligrams per kilogram

mg/kg-day - milligrams per kilogram per day
mg/L - milligrams per liter

NA - not applicable

NOAEL - no observed adverse effects level
TRV - toxicity reference value

a The abiotic media exposure point concentrations used in the Tier |l Ecological Risk Assessment are equal to the lower of the maximum detected concentration or ProUCL
recommended 95%, 97.5% or 99% upper confidence limit on the mean concentration measured in samples collected from the Ballard Mine.

® The soil-to-plant bioaccumulation factor was derived from sources listed in Table 4-15 and 4-16 of the Baseline Risk Assessment for Ballard Mine and Ballard Shop. The
site-specific soil-to-plant bioaccumulation factor, where available, is equal to the measured plant concentration divided by the measured soil concentration.
¢ The plant concentration (Cp ant) Was calculated from the upland soil concentration and the soil-to-plant bioconcentration factor (BCFg.p).

4 The measured plant concentration is equal to the lower of the maximum detected concentration or ProUCL recommended 95%, 97.5% or 99% upper confidence limit on the
mean concentration detected in plant tissue collected from Ballard Mine.

¢ The ingestion dose for the long-tailed vole accounts for exposure to soil based upon terrestrial foraging habits as presented in Table 4-17 of the Baseline Risk Assessment
for Ballard Mine and Ballard Shop, and uses measured plant tissue concentrations, where available, in preference to plant tissue concentrations modeled from upland soil.



Table A-13
Ecological Risk-Based Cleanup Level Calculations for Upland Soil - Elk

EPC 2 ERBCL EPC Measured Plant Ingestion TRV Ecological
Cup solL CwATER Cup solL BAFs,° BAFg,"° Crant®  Concentration ¢ Dose ° NOAEL Ha ard

COEC (mg/kg) (mg/L) (mg/kg) (site-specific) (mg/kg) (mg/kg) (mg/kg-day) (mg/kg-day) High

Antimony 4.89 NA 6,943 Regression NA 158 NA 5.9E-02 5.9E-02 1.0

Cadmium 37.6 0.00440 63,265 Regression 0.0413 2,612 1.55 7.7E-01 7.7E-01 1.0

Chromium, total 327 NA 440,862 0.041 0.00741 3,268 2.42 2.4E+00 2.4E+00 1.0

Copper 87.2 0.380 317,302 Regression 0.0689 21,852 6.01 5.6E+00 5.6E+00 1.0

Molybdenum 20.0 NA 1,398 0.25 0.917 1,281 18.3 2.6E-01 2.6E-01 1.0

Nickel 205 NA 189,385 Regression 0.0252 4,772 5.18 1.7E+00 1.7E+00 1.0

Selenium 53.5 2.84 946 Regression 0.741 701 39.7 1.4E-01 1.4E-01 1.0

Thallium 1.20 NA 142 0.0040 0.112 15.8 0.134 3.7E-03 3.7E-03 1.0

Vanadium 239 0.0430 877,540 0.00485 0.00387 3,396 0.925 4.2E+00 4.2E+00 1.0

Zinc 835 NA NA' Regression 0.0713 NA 59.6 NA 7.5E+01 NA

Notes: Exposure Parameters

BAF¢.p - bioaccumulation factor from soil to plants Body Weight: 286 kg

Cup sow - Upland Soil Concentration Food Ingestion Rate (FIR): 2.29 kg (dry wt)/day

CwaTer - Surface Water Concentration FIR_Plants (100%): 2.29 kg (dry wt)/day

COEC - chemical of ecological concern FIR_Soil (2%): 0.0459 kg (dry wt)/day

EPC - exposure point concentration Water Ingestion Rate: 0 L/day

ERBCL - ecological risk-based cleanup level Exposure Duration (ED): 1 unitless

HI - hazard index Site Utilization Factor (SUF): 0.0248 unitless

HQ - hazard quotient Home range: 16,640 acres

LOAEL - lowest observed adverse effects level Exposure area: 412 acres

mg/kg - milligrams per kilogram

mg/kg-day - milligrams per kilogram per day
mg/L - milligrams per liter

NA - not applicable

NOAEL - no observed adverse effects level
TRV - toxicity reference value

a The abiotic media exposure point concentrations used in the Tier Il Ecological Risk Assessment are equal to the lower of the maximum detected concentration or
ProUCL recommended 95%, 97.5% or 99% upper confidence limit on the mean concentration measured in samples collected from the Ballard Mine.

b The soil-to-plant bioaccumulation factor was derived from sources listed in Table 4-15 and 4-16 of the Baseline Risk Assessment for Ballard Mine and Ballard Shop.
The site-specific soil-to-plant bioaccumulation factor, where available, is equal to the measured plant concentration divided by the measured soil concentration.

¢ The plant concentration (Cp_anT) Was calculated from the upland soil concentration and the soil-to-plant bioconcentration factor (BCFg.p).

d The measured plant concentration is equal to the lower of the maximum detected concentration or ProUCL recommended 95%, 97.5% or 99% upper confidence limit
on the mean concentration detected in plant tissue collected from Ballard Mine.

® The ingestion dose for the Elk accounts for exposure to soil based upon terrestrial foraging habits as presented in Table 4-17 of the Baseline Risk Assessment for
Ballard Mine and Ballard Shop, and uses measured plant tissue concentrations, where available, in preference to plant tissue concentrations modeled from upland soil.

" Concentration exceeds 1x10® milligrams per kilogram.



Table A-14
Ecological Risk-Based Cleanup Level Calculations for Upland Soil - American Goldfinch

EPC? ERBCL b EPC Measured Plant Ingestion TRV Ecological

BAFsp b c s d e EEEETP—
Cur soiL CWATER Cup soiL BAFs.p CpLaANT Concentration Dose NOAEL Ha ard

COEC (mg/kg) (mgl/L) (mg/kg) (site-specific) (mgl/kg) (mg/kg) (mg/kg-day) (mg/kg-day) High

Antimony 4.89 NA -- Regression na - na -- - --

Cadmium 37.6 0.00440 38.2 Regression 0.0413 1.58 1.55 1.5E+00 1.5E+00 1.0

Chromium, total 327 NA 90.4 0.041 0.00741 0.670 2.42 2.7E+00 2.7E+00 1.0

Copper 87.2 0.380 88.7 Regression 0.0689 6.11 6.01 4.1E+00 4.1E+00 1.0

Molybdenum 20.0 NA 13.0 0.25 0.917 11.9 18.3 3.5E+00 3.5E+00 1.0

Nickel 205 NA 197 Regression 0.0252 4.95 5.18 6.7E+00 6.7E+00 1.0

Selenium 53.5 2.84 1.30 Regression 0.741 0.962 39.7 2.9E-01 2.9E-01 1.0

Thallium 1.20 NA 6.07 0.0040 0.112 0.678 0.134 3.5E-01 3.5E-01 1.0

Vanadium 239 0.0430 121 0.00485 0.00387 0.0467 0.925 3.4E-01 3.4E-01 1.0

Zinc 835 NA 1,426 Regression 0.0713 102 59.6 6.6E+01 6.6E+01 1.0

Notes: Exposure Parameters

-- not available Body Weight: 0.0155 kg

BAFg.p - bioaccumulation factor from soil to plants Food Ingestion Rate (FIR): 0.00410 kg (dry wt)/day

Cup_soi - Upland Soil Concentration FIR_Plants (100%): 0.00410 kg (dry wt)/day

Cwarter - Surface Water Concentration FIR_Soil (10.4%): 0.000426 kg (dry wt)/day

COEC - chemical of ecological concern Water Ingestion Rate: 0 L/day

EPC - exposure point concentration Exposure Duration (ED): 1 unitless

ERBCL - ecological risk-based cleanup level Site Utilization Factor (SUF): 1 unitless

HI - hazard index Home range: 0.119 acres

HQ - hazard quotient Exposure area: 412 acres

LOAEL - lowest observed adverse effects level
mg/kg - milligrams per kilogram

mg/kg-day - milligrams per kilogram per day
mg/L - milligrams per liter

NA - not applicable

NOAEL - no observed adverse effects level
TRYV - toxicity reference value

a The abiotic media exposure point concentrations used in the Tier Il Ecological Risk Assessment are equal to the lower of the maximum detected concentration or
ProUCL recommended 95%, 97.5% or 99% upper confidence limit on the mean concentration measured in samples collected from the Ballard Mine.

b The soil-to-plant bioaccumulation factor was derived from sources listed in Table 4-15 and 4-16 of the Baseline Risk Assessment for Ballard Mine and Ballard Shop.
The site-specific soil-to-plant bioaccumulation factor, where available, is equal to the measured plant concentration divided by the measured soil concentration.

¢ The plant concentration (Cp ant) Was calculated from the upland soil concentration and the soil-to-plant bioconcentration factor (BCFg.p).

d The measured plant concentration is equal to the lower of the maximum detected concentration or ProUCL recommended 95%, 97.5% or 99% upper confidence limit
on the mean concentration detected in plant tissue collected from Ballard Mine.

¢ The ingestion dose for the accounts for exposure to soil based upon terrestrial foraging habits as presented in Table 4-17 of the Baseline Risk Assessment for

Ballard Mine and Ballard Shop, and uses measured plant tissue concentrations, where available, in preference to plant tissue concentrations modeled from upland
soil.



Table A-15
Ecological Risk-Based Cleanup Level Calculations for Upland Soil - Deer Mouse

EPC? ERBCL EPC Measured Plant b EPC Ingestion TRV Ecological

Cup soi Cwarter Cup soi BAFg," BAFg.," Ceant®  Concentration BAFs. Cinverr Dose ° NOAEL Ha ard
COEC (mg/kg) (mg/L) (mg/kg) (site-specific) (mg/kg) (mg/kg) (mg/kg) (mg/kg-day) (mg/kg-day) High
Antimony 4.89 NA 0.703 Regression na 0.0283 na 1 0.703 5.9E-02 5.9E-02 1.0
Cadmium 37.6 0.00440 1.28 Regression 0.0413 0.0529 1.55 Regression 10.1 7.7E-01 7.7E-01 1.0
Chromium, total 327 NA 86.3 0.041 0.0074 0.639 2.42 0.3060 26.4 2.4E+00 2.4E+00 1.0
Copper 87.2 0.380 110 Regression 0.0689 7.57 6.01 0.515 56.6 5.6E+00 5.6E+00 1.0
Molybdenum 20.0 NA 1.37 0.25 0.9165 1.26 18.3 1 1.37 2.6E-01 2.6E-01 1.0
Nickel 205 NA 20.7 Regression 0.0252 0.521 5.18 1 20.7 1.7E+00 1.7E+00 1.0
Selenium 53.5 2.84 0.864 Regression 0.7415 0.640 39.7 Regression 0.833 1.4E-01 1.4E-01 1.0
Thallium 1.20 NA 0.0400 0.0040 0.1116 0.00446 0.134 1 0.0400 3.7E-03 3.7E-03 1.0
Vanadium 239 0.0430 552 0.00485 0.0039 2.138 0.925 0.042 23.2 4.2E+00 4.2E+00 1.0
Zinc 835 NA 1,028 Regression 0.0713 73.3 59.6 Regression 832 7.5E+01 7.5E+01 1.0
Notes: Exposure Parameters
BAFs, - bioaccumulation factor from soil to invertebrates Body Weight: 0.0195 kg
BAFs.p - bioaccumulation factor from soil to plants Food Ingestion Rate (FIR): 0.0038 kg (dry wt)/day
Cup_sow - Upland Soil Concentration FIR_Plants (61.5%): 0.0023 kg (dry wt)/day
Cwarter - Surface Water Concentration FIR_Inverts (38.5%): 0.0015 kg (dry wt)/day
COEC - chemical of ecological concern FIR_Soil (2%): 0.0001 kg (dry wt)/day
EPC - exposure point concentration Water Ingestion Rate: 0 L/day
ERBCL - ecological risk-based cleanup level Exposure Duration (ED): 1 unitless
HI - hazard index Site Utilization Factor (SUF): 1 unitless
HQ - hazard quotient Home range: 0.27 acres
LOAEL - lowest observed adverse effects level Exposure area: 412 acres

mg/kg - milligrams per kilogram

mg/kg-day - milligrams per kilogram per day
NA - not applicable

NOAEL - no observed adverse effects level
TRV - toxicity reference value

a The abiotic media exposure point concentrations used in the Tier Il Ecological Risk Assessment are equal to the lower of the maximum detected concentration or ProUCL recommended 95%,

97.5% or 99% upper confidence limit on the mean concentration measured in samples collected from the Ballard Mine.

® The soil-to-plant bioaccumulation factor was derived from sources listed in Table 4-15 and 4-16 of the Baseline Risk Assessment for Ballard Mine and Ballard Shop. The site-specific soil-to-

plant bioaccumulation factor, where available, is equal to the measured plant concentration divided by the measured soil concentration.

¢ The plant (Cp ant) @nd terrestrial invertebrate (C,nvert) CONCentrations were calculated from upland soil concentration and the soil-to-biota bioconcentration factors (BCFg and BCFg_).
d The measured plant concentration is equal to the lower of the maximum detected concentration or ProUCL recommended 95%, 97.5% or 99% upper confidence limit on the mean

concentration detected in plant tissue collected from Ballard Mine.

¢ The ingestion dose for the accounts for exposure to soil based upon terrestrial foraging habits as presented in Table 4-17 of the Baseline Risk Assessment for Ballard Mine and Ballard Shop,

and uses measured plant tissue concentrations, where available, in preference to plant tissue concentrations modeled from upland soil.



Table A-16
Ecological Risk-Based Cleanup Level Calculations for Upland Soil - American Robin

EPC ? ERBCL b EPC Measured Plant b EPC Ingestion TRV Ecological
BAFs, b c . 4 BAFs, c e

Cup solL CwATER Cup soiL BAFs.p ChLanT Concentration CinveErT Dose NOAEL Ha ard
COEC (mg/kg) (mg/L) (mg/kg) (site-specific) (mg/kg) (mg/kg) (mg/kg) (mg/kg-day) (mg/kg-day) High
Antimony 4.89 NA -- Regression na -- NA 1 -- NA -- --
Cadmium 37.6 0.00440 3.00 Regression 0.0413 0.124 1.55 Regression 19.8 1.5E+00 1.5E+00 1.0
Chromium, total 327 NA 74.3 0.041 0.0074 0.550 2.42 0.306 22.7 2.7E+00 2.7E+00 1.0
Copper 87.2 0.380 74.5 Regression 0.0689 5.13 6.01 0.515 384 4.1E+00 4.1E+00 1.0
Molybdenum 20.0 NA 25.3 0.25 0.9165 23.2 18.3 1 25.3 3.5E+00 3.5E+00 1.0
Nickel 205 NA 77.5 Regression 0.0252 1.95 5.18 1 77.5 6.7E+00 6.7E+00 1.0
Selenium 53.5 2.84 2.70 Regression 0.7415 2.00 39.7 Regression 1.92 2.9E-01 2.9E-01 1.0
Thallium 1.20 NA 3.78 0.0040 0.1116 0.422 0.134 1 3.78 3.5E-01 3.5E-01 1.0
Vanadium 239 0.0430 20.6 0.00485 0.0039 0.0797 0.925 0.042 0.865 3.4E-01 3.4E-01 1.0
Zinc 835 NA 729 Regression 0.0713 52.01 59.6 Regression 743 6.6E+01 6.6E+01 1.0
Notes: Exposure Parameters
-- not available Body Weight: 0.08195 kg
BAFs, - bioaccumulation factor from soil to invertebrates Food Ingestion Rate (FIR): 0.0106 kg (dry wt)/day
BAFs.s - bioaccumulation factor from soil to plants FIR_Plants (44.7%): 0.0047 kg (dry wt)/day
Cup_soi - Upland Soil Concentration FIR_Inverts (55.3%): 0.0059 kg (dry wt)/day
CwaTer - Surface Water Concentration FIR_Soil (10.4%): 0.0011 kg (dry wt)/day
COEC - chemical of ecological concern Water Ingestion Rate: 0 L/day
EPC - exposure point concentration Exposure Duration (ED): 1 unitless
ERBCL - ecological risk-based cleanup level Site Utilization Factor (SUF): 1 unitless
HI - hazard index Home range: 0.72 acres
HQ - hazard quotient Exposure area: 412 acres

LOAEL - lowest observed adverse effects level
mg/kg - milligrams per kilogram

mg/kg-day - milligrams per kilogram per day
NA - not applicable

NOAEL - no observed adverse effects level
TRV - toxicity reference value

@ The abiotic media exposure point concentrations used in the Tier Il Ecological Risk Assessment are equal to the lower of the maximum detected concentration or ProUCL recommended 95%,
97.5% or 99% upper confidence limit on the mean concentration measured in samples collected from the Ballard Mine.

b The soil-to-plant bioaccumulation factor was derived from sources listed in Table 4-15 and 4-16 of the Baseline Risk Assessment for Ballard Mine and Ballard Shop. The site-specific soil-to-plant
bioaccumulation factor, where available, is equal to the measured plant concentration divided by the measured soil concentration.

¢ The plant (Cp anT) @nd terrestrial invertebrate (C,yvert) COncentrations were calculated from upland soil concentration and the soil-to-biota bioconcentration factors (BCFs.p and BCFg,).

d The measured plant concentration is equal to the lower of the maximum detected concentration or ProUCL recommended 95%, 97.5% or 99% upper confidence limit on the mean concentration

detected in plant tissue collected from Ballard Mine.

¢ The ingestion dose for the American robin accounts for exposure to soil based upon terrestrial foraging habits as presented in Table 4-17 of the Baseline Risk Assessment for Ballard Mine and
Ballard Shop, and uses measured plant tissue concentrations, where available, in preference to plant tissue concentrations modeled from upland soil.



Table A-17
Ecological Risk-Based Cleanup Level Calculations for Upland Soil - Coyote

EPC ° ERBCL b EPC Measured Plant b EPC b EPC Ingestion TRV Ecological
BAFs, b c . 4 BAFg, c BAFs.y c d

Cuwr soi.  Cwater Cup soiL BAFg ChLanT Concentration CinverT CVERTEBRATE Dose NOAEL Ha ard
COEC (mg/kg) (mg/L) (mg/kg) (site-specific)  (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg-day) (mg/kg-day) High
Antimony 4.89 NA 34.2 Regression na 0.175 na 1 34.2 0.05 1.71 5.9E-02 5.9E-02 1.0
Cadmium 37.6 0.00440 503 Regression 0.0413 20.8 1.55 Regression 1,164 Regression 5.37 7.7E-01 7.7E-01 1.0
Chromium, total 327 NA 2,114 0.041 0.0074 15.7 2.42 0.306 647 Regression 64.0 2.4E+00 2.4E+00 1.0
Copper 87.2 0.380 7,198 Regression 0.0689 496 6.01 0.515 3,707 Regression 27.8 5.6E+00 5.6E+00 1.0
Molybdenum 20.0 NA 14.1 0.25 0.9165 12.9 18.3 1 14.1 1 14.1 2.6E-01 2.6E-01 1.0
Nickel 205 NA 1,489 Regression 0.0252 37.5 5.18 1 1,489 Regression 23.5 1.7E+00 1.7E+00 1.0
Selenium 53.5 2.84 92.8 Regression 0.7415 68.8 39.7 Regression 25.7 Regression 3.63 1.4E-01 1.4E-01 1.0
Thallium 1.20 NA 1.30 0.0040 0.1116 0.15 0.134 1 1.30 0.1124 0.147 3.7E-03 3.7E-03 1.0
Vanadium 239 0.0430 5,696 0.00485 0.0039 22.0 0.925 0.042 239 0.0123 70.1 4.2E+00 4.2E+00 1.0
Zinc 835 NA 134,182 Regression 0.0713 9,572 59.6 Regression 4,112 Regression 181 7.5E+01 7.5E+01 1.0
Notes: Exposure Parameters
BAFs.p - bioaccumulation factor from soil to plants Body Weight: 13.6 kg
BAFg,, - bioaccumulation factor from soil to invertebrates Food Ingestion Rate (FIR): 4.2861 kg (dry wt)/day
BAFs.y - bioaccumulation factor from soil to terrestrial vertebrates FIR_Plants (2%): 0.0857 kg (dry wt)/day
Cup_souL - Upland Soil Concentration FIR_Inverts (2%): 0.0857 kg (dry wt)/day
CwaTer - Surface Water Concentration FIR_Terrestrial Vertebrates (96%): 4.1147 kg (dry wt)/day
COEC - chemical of ecological concern FIR_Soil (2.8%): 0.1200 kg (dry wt)/day
EPC - exposure point concentration Water Ingestion Rate: 0 L/day
ERBCL - ecological risk-based cleanup level Exposure Duration (ED): 1 unitless
HI - hazard index Site Utilization Factor (SUF): 0.0569 unitless
HQ - hazard quotient Home range: 7,240 acres
LOAEL - lowest observed adverse effects level Exposure area: 412 acres

mg/kg - milligrams per kilogram

mg/kg-day - milligrams per kilogram per day
NA - not applicable

NOAEL - no observed adverse effects level
TRV - toxicity reference value

& The abiotic media exposure point concentrations used in the Tier Il Ecological Risk Assessment are equal to the lower of the maximum detected concentration or ProUCL recommended 95%, 97.5% or 99% upper
confidence limit on the mean concentration measured in samples collected from the Ballard Mine. The measured plant concentration is equal to the lower of the maximum detected concentration or ProUCL
recommended 95%, 97.5% or 99% upper confidence limit on the mean concentration detected in plant tissue collected from Ballard Mine.

b The soil-to-plant bioaccumulation factor was derived from sources listed in Table 4-15 and 4-16 of the Baseline Risk Assessment for Ballard Mine and Ballard Shop. The site-specific soil-to-plant bioaccumulation
factor, where available, is equal to the measured plant concentration divided by the measured soil concentration.

¢ The plant (Cp_anT), terrestrial invertebrate (Ciwert), and terrestrial vertebrate (Cyerresrate) CONCENtrations were calculated from the soil concentration and the soil-to-biota bioconcentration factors.

d The measured plant concentration is equal to the lower of the maximum detected concentration or ProUCL recommended 95%, 97.5% or 99% upper confidence limit on the mean concentration detected in plant tissue
collected from Ballard Mine.

¢ The ingestion dose for the accounts for exposure to soil based upon terrestrial foraging habits as presented in Appendix Table 4-17 of the Baseline Risk Assessment for Ballard Mine and Ballard Shop, and uses
measured plant tissue concentrations, where available, in preference to plant tissue concentrations modeled from upland soil.



Table A-18
Ecological Risk-Based Cleanup Level Calculations for Upland Soil - Northern Harrier

EPC ° ERBCL b EPC b EPC Ingestion TRV Ecological
BAFs, c BAFs.y c d

Cup so  Cwarer Cur soL CinveErT CVERTEBRATES Dose NOAEL Ha ard
COEC (mg/kg) (mg/L) (mg/kg) (mg/kg) (mg/kg) (mg/kg-day) (mg/kg-day) High
Antimony 4.89 NA -- 1 -- 0.05 -- -- -- --
Cadmium 37.6 0.00440 290 Regression 750 Regression 4.14 1.5E+00 1.5E+00 1.0
Chromium, total 327 NA 728 0.306 223 Regression 29.3 2.7E+00 2.7E+00 1.0
Copper 87.2 0.380 2,052 0.515 1,057 Regression 23.2 4.1E+00 4.1E+00 1.0
Molybdenum 20.0 NA 50.0 1 50.0 1 50.0 3.5E+00 3.5E+00 1.0
Nickel 205 NA 2,489 1 2,489 Regression 29.8 6.7E+00 6.7E+00 1.0
Selenium 53.5 2.84 72.1 Regression 21.4 Regression 3.30 2.9E-01 2.9E-01 1.0
Thallium 1.20 NA 36.3 1 36.3 0.1124 4.08 3.5E-01 3.5E-01 1.0
Vanadium 239 0.0430 249 0.042 10.4 0.0123 3.06 3.4E-01 3.4E-01 1.0
Zinc 835 NA 100,200 Regression 3,736 Regression 177 6.6E+01 6.6E+01 1.0
Notes: Exposure Parameters
-- not available Body Weight: 0.449
BAFg, - bioaccumulation factor from soil to terrestrial invertebrates Food Ingestion Rate (FIR): 0.049
BAFs.y - bioaccumulation factor from soil to terrestrial vertebrates FIR_Terrestrial Inverts (2%): 0.0010
Cup_sou - Upland Soil Concentration FIR_Terrestrial Vertebrates (98%): 0.0477
Cwater - Surface Water Concentration FIR_Upland Soil (0.7%): 0.00034
COEC - chemical of ecological concern Water Ingestion Rate: 0
EPC - exposure point concentration Exposure Duration (ED): 1
ERBSL - ecological risk-based cleanup level Site Utilization Factor (SUF): 0.642
HI - hazard index Home range: 642
HQ - hazard quotient Exposure area: 412

LOAEL - lowest observed adverse effects level
mg/kg - milligrams per kilogram

mg/kg-day - milligrams per kilogram per day
NA - not applicable

NOAEL - no observed adverse effects level
TRYV - toxicity reference value

The abiotic media exposure point concentrations used in the Tier Il Ecological Risk Assessment are equal to the lower of the maximum detected concentration or ProUCL
recommended 95%, 97.5% or 99% upper confidence limit on the mean concentration measured in samples collected from the Ballard Mine.

The abiotic media-to-biota bioconcentration factors were derived from sources listed in Table 4-15 and 4-16 of the Baseline Risk Assessment for Ballard Mine and Ballard St
The terrestrial invertebrate (Cyyvert) and terrestrial vertebrate (Cyerrigrate) CONCenNtrations were calculated from the soil concentration and the soil-to-biota bioconcentration
The ingestion dose for the northern harrier accounts for exposure to soil based upon terrestrial foraging habits as presented in Table 4-17 of the Baseline Risk Assessment
for Ballard Mine and Ballard Shop.



Table A-19
Ecological Risk-Based Cleanup Level Calculations for Riparian Soil - Raccoon

ERBCL EPC Measured Plant EPC EPC EPC Ingestion TRV Ecological

Crip so.  Cwater  Csepment Crip solL BAFsp b BAFs.p b Criant©  Concentration d BAFg, b CINVERT © BAFs.y b CyerTEBRATES * BAFgq. b BAFy, b Caqinverr Dose ° NOAEL Ha ard
Constituent (mg/kg) (mg/L) (mg/kg) (mg/kg) (site-specific) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg-day) (mg/kg-day) High
Cadmium 254 0.00440 42.1 181 Regression 0.0756 13.7 1.92 Regression 516 Regression 3.31 Regression NA 14.6 7.7E-01 7.7E-01 1.0
Chromium, total 503 NA 358 2,461 0.041 NA 101 NA 0.306 753 Regression 71.5 Regression NA 13.8 2.4E+00 2.4E+00 1.0
Copper 71.1 0.380 51.1 4,410 Regression 0.0555 245 3.95 0.515 2,271  Regression 25.9 Regression NA 36.6 5.6E+00 5.6E+00 1.0
Molybdenum 16.4 NA 12.8 53.4 0.25 0.8735 46.6 14.4 1 53.4 1 53.4 1 NA 12.8 2.6E-01 2.6E-01 1.0
Nickel 281 NA 171 960 Regression NA 18.4 NA 1 960 Regression 19.1 Regression NA 3.39 1.7E+00 1.7E+00 1.0
Selenium 89.5 2.84 208 105 Regression 0.1799 18.9 16.1 Regression 28.2 Regression 3.81 Regression NA 46.5 1.4E-01 1.4E-01 1.0
Thallium 0.376 NA 1.30 2.09 0.0040 NA 0.00837 NA 1 2.09 0.1124 0.235 1 NA 1.30 3.7E-03 3.7E-03 1.0
Vanadium 233 0.0430 321 7,916 0.00485 NA 38.4 NA 0.042 332 0.0123 97.4 0.042 NA 13.5 4.2E+00 4.2E+00 1.0
Notes: Exposure Parameters
BAFg, - bioaccumulation factor from soil to invertebrates Body Weight: 5.8
BAF¢» - bioaccumulation factor from soil to plants Food Ingestion Rate (FIR): 0.154
BAFs., - bioaccumulation factor from soil to terrestrial vertebrates FIR_Terrestrial Plants (64%): 0.0985
BAFgeq. - bioaccumulation factor from sediment to aquatic invertebrates FIR_Terrestrial Inverts (19%): 0.0400
BAF,y. - bioaccumulation factor from water to aquatic invertebrates FIR_Terrestrial Vertebrates (9%): 0.0154
Crip_soiL - Riparian Soil Concentration FIR_Upland Soil (0%): 0
Csepivent - Sediment Concentration FIR_Aguatic Plants (0%): 0
CwaTer - Surface Water Concentration FIR_Aquatic Inverts (7%): 0
COEC - chemical of ecological concern FIR_Fish (1%): 0
EPC - exposure point concentration FIR_Riparian Soil (9.4%): 0.0145
ERBCL - ecological risk-based cleanup level Water Ingestion Rate: 0
HI - hazard index Exposure Duration (ED): 1
HQ - hazard quotient Site Utilization Factor (SUF): 0.181
LOAEL - lowest observed adverse effects level Home range: 2,272
mg/kg - milligrams per kilogram Exposure area: 412

mg/kg-day - milligrams per kilogram per day
NA - not applicable

NOAEL - no observed adverse effects level
TRV - toxicity reference value

The abiotic media exposure point concentrations used in the Tier Il Ecological Risk Assessment are equal to the lower of the maximum detected concentration or ProUCL recommended 95%, 97.5% or 99% upper confidence limit on the mean concentration
measured in samples collected from the Ballard Mine.

The soil-to-plant bioaccumulation factor was derived from sources listed in Table 4-15 and 4-16 of the Baseline Risk Assessment for Ballard Mine and Ballard Shop. The site-specific soil-to-plant bioaccumulation factor, where available, is equal to the measured
plant concentration divided by the measured soil concentration.
The terrestrial plant (Cp_an7), terrestrial invertebrate (Cyyerr), aquatic invertebrate (Cag invert), and terrestrial vertebrate (Cyermisrate) CONcentrations were calculated from the soil or sediment concentration and the soil or sediment-to-biota bioconcentration factors.

The measured plant concentration is equal to the lower of the maximum detected concentration or ProUCL recommended 95%, 97.5% or 99% upper confidence limit on the mean concentration detected in plant tissue collected from Ballard Mine.

The ingestion dose for the accounts for exposure to soil based upon terrestrial foraging habits as presented in Table 4-17 of the Baseline Risk Assessment for Ballard Mine and Ballard Shop, and uses measured plant tissue concentrations, where available, in
preference to plant tissue concentrations modeled from riparian soil. Because fish are not present in streams at the Ballard Mine, ingestion of fish was replaced by ingestion of aquatic invertebrates.



Table A-20
Ecological Risk-Based Cleanup Level Calculations for Riparian Soil - Mink

EPC? ERBCL BAF., " EPC . BAFw.,®  BAFw,” EPC ) Ingestic:n TRV Ecological

Cripso.  Cwater  Csepiment Crip soiL CverTEBRATES CaaiNverT Dose NOAEL Ha ard
COEC (mg/kg) (mg/L) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg-day) (mg/kg-day) High
Cadmium 254 0.00440 42.1 8.66 Regression 0.789 Regression NA 14.6 7.7E-01 7.7E-01 1.0
Chromium, total 503 NA 358 26.1 Regression 2.54 Regression NA 13.8 2.4E+00 2.4E+00 1.0
Copper 71.1 0.380 51.1 9.90 Regression 10.7 Regression NA 36.6 5.6E+00 5.6E+00 1.0
Molybdenum 16.4 NA 12.8 0.495 1 0.495 1 NA 12.8 2.6E-01 2.6E-01 1.0
Nickel 281 NA 171 11.6 Regression 2.45 Regression NA 3.39 1.7E+00 1.7E+00 1.0
Selenium 89.5 2.84 208 0.110  Regression 0.287 Regression NA 46.5 1.4E-01 1.4E-01 1.0
Thallium 0.376 NA 1.30 0.0373 0.1124 0.00420 1 NA 1.30 3.7E-03 3.7E-03 1.0
Vanadium 233 0.0430 321 81.5 0.0123 1.00 0.042 NA 13.5 4.2E+00 4.2E+00 1.0
Notes: Exposure Parameters
BAFs., - bioaccumulation factor from soil to terrestrial vertebrates Body Weight: 1.075 kg
BAF¢.q4., - bioaccumulation factor from sediment to aquatic invertebrates Food Ingestion Rate (FIR): 0.516 kg (dry wt)/day
BAFy., - bioaccumulation factor from water to aquatic invertebrates FIR_Terrestrial Vertebrates (63%): 0.516 kg (dry wt)/day
Crip_so - Riparian Soil Concentration FIR_Upland Soil (0%): 0 kg (dry wt)/day
Csepivent - Sediment Concentration FIR_Aquatic Inverts (6%): 0 kg (dry wt)/day
Cwater - Surface Water Concentration FIR_Fish (31%): 0 kg (dry wt)/day
COEC - chemical of ecological concern FIR_Riparian Soil (9.4%): 0.0485 kg (dry wt)/day
EPC - exposure point concentration Water Ingestion Rate: 0 L/day
ERBCL - ecological risk-based cleanup level Exposure Duration (ED): 1 unitless
HI - hazard index Site Utilization Factor (SUF): 1 unitless
HQ - hazard quotient Home range: 50 acres
LOAEL - lowest observed adverse effects level Exposure area: 412 acres

mg/kg - milligrams per kilogram

mg/kg-day - milligrams per kilogram per day
NA - not applicable

NOAEL - no observed adverse effects level
TRV - toxicity reference value

The abiotic media exposure point concentrations used in the Tier |l Ecological Risk Assessment are equal to the lower of the maximum detected concentration or ProUCL recommended 95%,
97.5% or 99% upper confidence limit on the mean concentration measured in samples collected from the Ballard Mine.

The abiotic media-to-biota bioconcentration factors were derived from sources listed in Table 4-15 and 4-16 of the Baseline Risk Assessment for Ballard Mine and Ballard Shop.
The aquatic invertebrate (Cao nvert) @nd terrestrial vertebrate (Cyerrigrate) CONCenNtrations were calculated from the soil or sediment concentration and the soil or sediment-to-biota

The ingestion dose for the accounts for exposure to soil based upon terrestrial foraging habits as presented in Table 4-17 of the Baseline Risk Assessment for Ballard Mine and Ballard
Shop. Because fish are not present in streams at the Ballard Mine, ingestion of fish was replaced by ingestion of aquatic invertebrates.



Table A-21
Ecological Risk-Based Cleanup Level Calculations for Riparian Soil - Great Blue Heron

EPC ® ERBCL BAF.,° EPC ) BAF,., " EPC . BAFe.® BAF,," EPC . Ingestic:n TRV Ecological
Crip so.  Cwater CsepMENT Crip solL CinverT CverTeBrATES Caa INVERT Dose NOAEL Ha ard

Constituent (mg/kg) (mg/L) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg-day) (mg/kg-day) High

Cadmium 25.4 0.00440 42.1 8.74 Regression 46.4 Regression 0.792 Regression NA 14.6 1.5E+00 1.5E+00 1.0

Chromium, total 503 NA 358 238 0.306 72.7 Regression 12.9 Regression NA 13.8 2.7E+00 2.7E+00 1.0

Copper 71.1 0.380 51.1 220 0.515 113 Regression 16.8 Regression NA 36.6 4.1E+00 4.1E+00 1.0

Molybdenum 16.4 NA 12.8 56.3 1 56.3 1 56.3 1 NA 12.8 3.5E+00 3.5E+00 1.0

Nickel 281 NA 171 206 1 206 Regression 9.36 Regression NA 3.39 6.7E+00 6.7E+00 1.0

Selenium 89.5 2.84 208 17.0 Regression 7.41 Regression 1.92 Regression NA 46.5 2.9E-01 2.9E-01 1.0

Thallium 0.376 NA 1.30 10.0 1 10.0 0.1124 1.12 1 NA 1.30 3.5E-01 3.5E-01 1.0

Vanadium 233 0.0430 321 204 0.042 8.56 0.0123 2.51 0.042 NA 13.5 3.4E-01 3.4E-01 1.0

Notes: Exposure Parameters

BAFs,, - bioaccumulation factor from soil to terrestrial invertebrates Body Weight: 2.336 kg

BAFs.y - bioaccumulation factor from soil to terrestrial vertebrates (birds and mammals) Food Ingestion Rate (FIR): 0.145 kg (dry wt)/day

Crip_soiL - Riparian Soil Concentration FIR_Terrestrial Inverts (12.5%): 0.0726 kg (dry wt)/day

Csepivent - Sediment Concentration FIR_Terrestrial Vertebrates (12.5%): 0.0726 kg (dry wt)/day

Cwater - Surface Water Concentration FIR_Upland Soil (0%): 0 kg (dry wt)/day

COEC - chemical of ecological concern FIR_Fish (75%): 0 kg (dry wt)/day

EPC - exposure point concentration FIR_Riparian Soil (0%): 0 kg (dry wt)/day

ERBCL - ecological risk-based cleanup level FIR_Sediment (0.7%): 0 kg (dry wt)/day

HI - hazard index Water Ingestion Rate: 0 L/day

HQ - hazard quotient Exposure Duration (ED): 1 unitless

LOAEL - lowest observed adverse effects level Site Utilization Factor (SUF): 1 unitless

mg/kg - milligrams per kilogram Home range: 11 acres

mg/kg-day - milligrams per kilogram per day Exposure area: 412 acres

NA - not applicable
NOAEL - no observed adverse effects level
TRYV - toxicity reference value

The abiotic media exposure point concentrations used in the Tier Il Ecological Risk Assessment are equal to the lower of the maximum detected concentration or ProUCL recommended 95%, 97.5% or 99%
upper confidence limit on the mean concentration measured in samples collected from the Ballard Mine.

The abiotic media-to-biota bioconcentration factors were derived from sources listed in Table 4-15 and 4-16 of the Baseline Risk Assessment for Ballard Mine and Ballard Shop.
The terrestrial invertebrate (Ciyyerr), terrestrial vertebrate (Cygrrigrate), @nd aquatic invertebrate (Cag nvert) CONcentrations were calculated from the soil or sediment concentration and the soil or sediment-to-
biota bioconcentration factors.

The ingestion dose for the accounts for exposure to soil based upon terrestrial foraging habits as presented in Table 4-17 of the Baseline Risk Assessment for Ballard Mine and Ballard Shop. Because fish
are not present in streams at the Ballard Mine, ingestion of fish was replaced by ingestion of aquatic invertebrates.



Table A-22

Ecological Risk-Based Cleanup Level Calculations for Sediment - Raccoon

EPC 2 ERBCL R EPC Measured Plant ) EPC b EPC b EPC b b EPC Ingestion TRV Ecological
BAFS-P c - d FS-I c BAFS-V c BAFSed-P c BAFSed-l BAFW-I c e

Crip soiL Cwater  CsepivenT CsEpIMENT ChLant Concentration CinverT CVERTEBRATES ChaapLaNT Chaq INVERT Dose NOAEL Ha ard
COEC (mg/kg) (mg/L)  (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg-day) (mg/kg-day)  High
Antimony 4.62 NA 6.05 25.8 Regression  0.166 NA 1 4.62 0.05 0.231 Regression 0.833 1 NA 25.8 5.9E-02 5.9E-02 1.0
Cadmium 25.4 0.00440 42.1 1,013 Regression 3.63 1.92 Regression 108 Regression 1.31 Regression 27.2 Regression NA 132 7.7E-01 7.7E-01 1.0
Copper 71.1 0.380 51.1 11,233 Regression 10.5 3.95 0.515 36.6 Regression 14.3 Regression 76.9 Regression NA 164 5.6E+00 5.6E+00 1.0
Molybdenum 16.4 NA 12.8 88.0 0.25 4.11 14.4 1 16.4 1 16.4 0.25 22.0 1 NA 88.0 2.6E-01 2.6E-01 1.0
Selenium 89.5 2.84 208 42.6 Regression 72.6 16.1 Regression 25.0 Regression 3.58 Regression 32.0 Regression NA 145 1.4E-01 1.4E-01 1.0
Thallium 0.376 NA 1.30 1.68 0.0040 0.00150 NA 1 0.376 0.1124 0.0423 0.004 0.00674 1 NA 1.68 3.7E-03 3.7E-03 1.0
Vanadium 233 0.0430 321 7,707 0.00485 1.13 NA 0.042 9.78 0.0123 2.86 0.00485 37.4 0.042 NA 324 4.2E+00 4.2E+00 1.0
Notes: Exposure Parameters
BAFg, - bioaccumulation factor from soil to invertebrates Body Weight: 5.8
BAFs.p - bioaccumulation factor from soil to plants Food Ingestion Rate (FIR): 0.154
BAFs.y - bioaccumulation factor from soil to terrestrial vertebrates FIR_Terrestrial Plants (64%): 0
BAFgeq. - bioaccumulation factor from sediment to aquatic invertebrates FIR_Terrestrial Inverts (19%): 0
BAF,_, - bioaccumulation factor from water to aquatic invertebrates FIR_Terrestrial Vertebrates (9%): 0
Crip_sou - Riparian Soil Concentration FIR_Upland Soil (0%): 0
Csepment - Sediment Concentration FIR_Aquatic Plants (0%): 0.0985
CwaTer - Surface Water Concentration FIR_Aquatic Inverts (7%): 0.0400
COEC - chemical of ecological concern FIR_Fish (1%): 0.0154
EPC - exposure point concentration FIR_Riparian Soil (9.4%): 0.0145
ERBCL - ecological risk-based cleanup level Water Ingestion Rate: 0
HI - hazard index Exposure Duration (ED): 1
HQ - hazard quotient Site Utilization Factor (SUF): 0.181
LOAEL - lowest observed adverse effects level Home range: 2,272
mg/kg - milligrams per kilogram Exposure area: 412

mg/kg-day - milligrams per kilogram per day
NA - not applicable

NOAEL - no observed adverse effects level
TRV - toxicity reference value

The abiotic media exposure point concentrations used in the Tier Il Ecological Risk Assessment are equal to the lower of the maximum detected concentration or ProUCL recommended 95%, 97.5% or 99% upper confidence limit on the mean concentration measured in samples

collected from the Ballard Mine.

The abiotic media-to-biota bioconcentration factors were derived from sources listed in Table 4-15 and 4-16 of the Baseline Risk Assessment for Ballard Mine and Ballard Shop.
The terrestrial plant (Cp_anT), terrestrial invertebrate (Cyyverr), aquatic invertebrate (Cag nvert), and terrestrial vertebrate (Cyertigrate) CONcentrations were calculated from the soil or sediment concentration and the soil or sediment-to-biota bioconcentration factors.

The measured plant concentration is equal to the lower of the maximum detected concentration or ProUCL recommended 95%, 97.5% or 99% upper confidence limit on the mean concentration detected in plant tissue collected from Ballard Mine.

The ingestion dose for the accounts for exposure to soil based upon terrestrial foraging habits as presented in Table 4-17 of the Baseline Risk Assessment for Ballard Mine and Ballard Shop, and uses measured plant tissue concentrations, where available, in preference to plant
tissue concentrations modeled from riparian soil. Because fish are not present in streams at the Ballard Mine, ingestion of fish was replaced by ingestion of aquatic invertebrates.



Table A-23
Ecological Risk-Based Cleanup Level Calculations for Sediment - Mink

EPC? ERBCL BAF,, " EPC  BAFL,’ BAF,, " EPC ) Ingesti(:n TRV Ecological

Crip soiL Cwater  Csepiment Csepiment CverTEBRATES CaaINvERT Dose NOAEL Ha ard
COEC (mg/kg) (mg/L) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg-day) (mg/kg-day) High
Antimony 4.62 NA 6.05 0.123 0.05 0.231 1 NA 0.123 5.9E-02 5.9E-02 1.0
Cadmium 25.4 0.00440 42.1 1.73 Regression 1.31 Regression NA 1.60 7.7E-01 7.7E-01 1.0
Copper 71.1 0.380 51.1 0.831 Regression 14.3 Regression NA 11.7 5.6E+00 5.6E+00 1.0
Molybdenum 16.4 NA 12.8 0.541 1 16.4 1 NA 0.541 2.6E-01 2.6E-01 1.0
Selenium 89.5 2.84 208 0.212 Regression 3.58 Regression NA 0.298 1.4E-01 1.4E-01 1.0
Thallium 0.376 NA 1.30 0.00770 0.1124 0.0423 1 NA 0.00770 3.7E-03 3.7E-03 1.0
Vanadium 233 0.0430 321 206 0.0123 2.86 0.042 NA 8.66 4.2E+00 4.2E+00 1.0
Notes: Exposure Parameters
BAFs.y - bioaccumulation factor from soil to terrestrial vertebrates Body Weight: 1.075 kg
BAF¢.q. - bioaccumulation factor from sediment to aquatic invertebrates Food Ingestion Rate (FIR): 0.516 kg (dry wt)/day
BAF, - bioaccumulation factor from water to aquatic invertebrates FIR_Terrestrial Vertebrates (63%): 0 kg (dry wt)/day
Crip_soi - Riparian Soil Concentration FIR_Upland Soil (0%): 0 kg (dry wt)/day
Csepivent - Sediment Concentration FIR_Aquatic Inverts (6%): 0.0826 kg (dry wt)/day
Cwarter - Surface Water Concentration FIR_Fish (31%): 0.434 kg (dry wt)/day
COEC - chemical of ecological concern FIR_Riparian Soil (9.4%): 0 kg (dry wt)/day
EPC - exposure point concentration Water Ingestion Rate: 0 L/day
ERBCL - ecological risk-based cleanup level Exposure Duration (ED): 1 unitless
HI - hazard index Site Utilization Factor (SUF): 1 unitless
HQ - hazard quotient Home range: 50 acres
LOAEL - lowest observed adverse effects level Exposure area: 412 acres

mg/kg - milligrams per kilogram

mg/kg-day - milligrams per kilogram per day
NA - not applicable

NOAEL - no observed adverse effects level
TRV - toxicity reference value

The abiotic media exposure point concentrations used in the Tier 1l Ecological Risk Assessment are equal to the lower of the maximum detected concentration or ProUCL recommended 95%,
97.5% or 99% upper confidence limit on the mean concentration measured in samples collected from the Ballard Mine.

The abiotic media-to-biota bioconcentration factors were derived from sources listed in Table 4-15 and 4-16 of the Baseline Risk Assessment for Ballard Mine and Ballard Shop.

The aquatic invertebrate (Caq nvert) @nd terrestrial vertebrate (Cyerrigrate) CONcentrations were calculated from the soil or sediment concentration and the soil or sediment-to-biota

bioaccumulation factors.

The ingestion dose for the mink accounts for exposure to soil based upon terrestrial foraging habits as presented in Table 4-17 of the Baseline Risk Assessment for Ballard Mine and Ballard
Shop. Because fish are not present in streams at the Ballard Mine, ingestion of fish was replaced by ingestion of aquatic invertebrates.



Table A-24
Ecological Risk-Based Cleanup Level Calculations for Sediment - Great Blue Heron

a H .
EPC ERBCL BAF,, " EPC . BAF.., " EPC . BAFe." BAFy," EPC ) Ingestlgn TRV Ecological

Crp so. Cwater Csepment CSsEDIMENT CinvERT CVERTEBRATES Caa INVERT Dose NOAEL Ha ard

COEC (mg/kg) (mg/L) (mgl/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)  (mg/kg-day) (mg/kg-day) High

Antimony 4.62 NA 6.05 - 1 4.62 0.05 0.231 1 NA - - - -

Cadmium 25.4 0.00440 42.1 81.5 Regression 108 Regression 1.31 Regression NA 23.0 1.5E+00 1.5E+00 1.0

Copper 71.1 0.380 51.1 352 0.515 36.6 Regression 14.3 Regression NA 62.7 4.1E+00 4.1E+00 1.0

Molybdenum 16.4 NA 12.8 55.9 1 16.4 1 16.4 1 NA 55.9 3.5E+00 3.5E+00 1.0

Selenium 89.5 2.84 208 8.89 Regression 25.0 Regression 3.58 Regression NA 4.60 2.9E-01 2.9E-01 1.0

Thallium 0.376 NA 1.30 5.53 1 0.376 0.1124 0.0423 1 NA 5.53 3.5E-01 3.5E-01 1.0

Vanadium 233 0.0430 321 113 0.042 9.78 0.0123 2.86 0.042 NA 4,74 3.4E-01 3.4E-01 1.0

Notes: Exposure Parameters

-- not available Body Weight: 2.336 kg

BAFs,, - bioaccumulation factor from soil to terrestrial invertebrates Food Ingestion Rate (FIR): 0.145 kg (dry wt)/day

BAFs.y - bioaccumulation factor from soil to terrestrial vertebrates (birds and mammals) FIR_Terrestrial Inverts (12.5%): 0 kg (dry wt)/day

Crip_soi - Riparian Soil Concentration FIR_Terrestrial Vertebrates (12.5%): 0 kg (dry wt)/day

Csepment - Sediment Concentration FIR_Upland Soil (0%): 0 kg (dry wt)/day

CwaTter - Surface Water Concentration FIR_Fish (75%): 0.145 kg (dry wt)/day

COEC - chemical of ecological concern FIR_Riparian Soil (0%): 0 kg (dry wt)/day

EPC - exposure point concentration FIR_Sediment (0.7%): 0.00102 kg (dry wt)/day

ERBCL - ecological risk-based screening level Water Ingestion Rate: 0 L/day

HI - hazard index Exposure Duration (ED): 1 unitless

HQ - hazard quotient Site Utilization Factor (SUF): 1 unitless

LOAEL - lowest observed adverse effects level Home range: 11 acres

mg/kg - milligrams per kilogram Exposure area: 412 acres

mg/kg-day - milligrams per kilogram per day
NA - not applicable

NOAEL - no observed adverse effects level
TRV - toxicity reference value

The abiotic media exposure point concentrations used in the Tier Il Ecological Risk Assessment are equal to the lower of the maximum detected concentration or ProUCL recommended 95%, 97.5% or
99% upper confidence limit on the mean concentration measured in samples collected from the Ballard Mine.

The abiotic media-to-biota bioconcentration factors were derived from sources listed in Table 4-15 and 4-16 of the Baseline Risk Assessment for Ballard Mine and Ballard Shop.
The terrestrial invertebrate (Cverr), terrestrial vertebrate (Cyerrigrate), @and aquatic invertebrate (Caq nvert) cOncentrations were calculated from the soil or sediment concentration and the soil or
sediment-to-biota bioconcentration factors.

The ingestion dose for the accounts for exposure to soil based upon terrestrial foraging habits as presented in Table 4-17 of the Baseline Risk Assessment for Ballard Mine and Ballard Shop. Because
fish are not present in streams at the Ballard Mine, ingestion of fish was replaced by ingestion of aquatic invertebrates.



Table A-25
Ecological Risk-Based Cleanup Level Calculations for Sediment - Mallard

a H .
EPC ERBCL BAFe...® BAFy," EPC BAFe...® BAFy," EPC ] Ingestltzn TRV Ecological

Cwarer  Csepivent CsepivENT CaaPLant Caa INVERT Dose NOAEL Ha ard

Constituent (mgl/L) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg-day) (mg/kg-day) High

Antimony NA 6.05 -- Regression NA -- 1 NA -- -- -- --

Cadmium 0.00440 42.1 486 Regression NA 18.2 Regression NA 79.2 1.5E+00 1.5E+00 1.0

Copper 0.380 51.1 3,595 Regression NA 49.1 Regression NA 120 4.1E+00 4.1E+00 1.0

Molybdenum NA 12.8 226 0.25 NA 56.5 1 NA 226 3.5E+00 3.5E+00 1.0

Selenium 2.84 208 16.8 Regression NA 115 Regression NA 16.5 2.9E-01 2.9E-01 1.0

Thallium NA 1.30 24.1 0.004 NA 0.0964 1 NA 24.1 3.5E-01 3.5E-01 1.0

Vanadium 0.0430 321 285 0.00485 NA 1.38 0.042 NA 12.0 3.4E-01 3.4E-01 1.0

Notes: Exposure Parameters

-- not available Body Weight: 1.178 kg

BAFseq. - bioaccumulation factor from sediment to aquatic invertebrates Food Ingestion Rate (FIR): 0.056 kg (dry wt)/day

BAFsq4.p - bioaccumulation factor from sediment to aquatic plants FIR_Aguatic Plants (25%): 0.01 kg (dry wt)/day

BCF,y. - bioaccumulation factor from water to aquatic invertebrates FIR_Aquatic Inverts (75%): 0.0422 kg (dry wt)/day

BCFy.p - bioaccumulation factor from water to aquatic plants FIR_Sediment (3.3%): 0.0019 kg (dry wt)/day

Csepivent - Sediment Concentration Water Ingestion Rate: 0 L/day

Cwater - Surface Water Concentration Exposure Duration (ED): 1 unitless

EPC - exposure point concentration Site Utilization Factor (SUF): 0.384 unitless

HI - hazard index Home range: 1,074 acres

HQ - hazard quotient Exposure area: 412 acres

LOAEL - lowest observed adverse effects level
mg/kg - milligrams per kilogram

mg/kg-day - milligrams per kilogram per day
NA - not applicable

NOAEL - no observed adverse effects level
TRV - toxicity reference value

The abiotic media exposure point concentrations used in the Tier 1l Ecological Risk Assessment are equal to the lower of the maximum detected concentration or ProUCL
recommended 95%, 97.5% or 99% upper confidence limit on the mean concentration measured in samples collected from the Ballard Mine. The measured plant concentration is equal
to the lower of the maximum detected concentration or ProUCL recommended 95%, 97.5% or 99% upper confidence limit on the mean concentration detected in plant tissue collected

from Ballard Mine.

The abiotic media-to-biota bioconcentration factors were derived from sources listed in Table 4-15 and 4-16 of the Baseline Risk Assessment for Ballard Mine and Ballard Shop.
The aquatic plant (Cag pLant) @and aquatic invertebrate (Caq nvert) CONcentrations were calculated from the sediment concentration and the sediment-to-biota bioaccumulation factors.

The ingestion dose for the mallard accounts for exposure to soil based upon terrestrial foraging habits as presented in Table 4-17 of the Baseline Risk Assessment for Ballard Mine and

Ballard Shop.



Table A-26
Risk-Based Cleanup Levels for Ecological Receptors

Long-Tailed American American Northern
Upland Soil COEC Vole Elk Goldfinch |Deer Mouse Robin Coyote Harrier
Antimony 3.15 6,943 -- 0.703 - 34.2 -
Cadmium 38.2 63,265 38.2 1.28 3.00 503 290
Chromium 247 440,862 90.4 86.3 74.3 2,114 728
Copper 195 317,302 88.7 110 74.5 7,198 2,052
Molybdenum 0.895 1,398 13.0 1.37 25.3 14.1 50.0
Nickel 112 189,385 197 20.7 77.5 1,489 2,489
Selenium 0.605 946 1.30 0.864 2.70 92.8 72.1
Thallium 0.0884 142 6.07 0.0400 3.78 1.30 36.26
Vanadium 483 877,540 12.1 552 20.6 5,696 249
Zinc 2,562 NA? 1,426 1,028 729 134,182 100,200
Great Blue
Riparian Soil COEC | Raccoon Mink Heron
Cadmium 181 8.66 8.74
Chromium 2,461 26.1 238
Copper 4,410 9.90 220
Molybdenum 53.4 0.495 56.3
Nickel 960 11.6 206
Selenium 105 0.110 17.0
Thallium 2.09 0.0373 10.0
Vanadium 7,916 81.5 204
Great Blue
Sediment COEC Raccoon Mink Heron Mallard
Antimony 25.8 0.123 -- --
Cadmium 1,013 1.73 81.5 486
Copper 11,233 0.831 352 3,595
Molybdenum 88.0 0.541 55.9 226
Selenium 42.6 0.212 8.89 16.8
Thallium 1.68 0.00770 5.53 24.1
Vanadium 7,707 206 113 285
Notes:

- Indicates that the metal was not a COEC for that receptor / medium.
All concentrations are in milligrams per kilogram (mg/kg).

COEC - chemical of ecological concern

2 Concentration exceeds 1x10°® milligrams per kilogram.




Table A-27
Livestock Risk-Based Cleanup Level Calculation for Upland Soil - Beef Cattle

EPC ? LRBCL b EPC Measured Plant  Ingestion TRV Ecological
BAFs_p b c . d e N

Cur sol CWATER Cup solL BAFs., CeLant Concentration Dose NOAEL Ha ard
LCOC (mg/kg) (mg/L) (mg/kg) (site-specific) (mg/kg) (mg/kg) (mg/kg-day) mg/kg-day High
Selenium 53.5 2.84 24.8 Regression 0.741 18.4 39.7 1.4E-01 1.4E-01 1.0
Notes: Exposure Parameters
BAFsp - bioaccumulation factor from soil to plants Body Weight: 510 kg
Cup_soiL - Upland Soil Concentration Food Ingestion Rate (FIR): 11.77 kg (dry wt)/day
Cwater - Surface Water Concentration FIR_Plants (100%): 11.77 kg (dry wt)/day
LCOC - chemical of concern FIR_Soil (2%): 0.2354 kg (dry wt)/day
EPC - exposure point concentration Water Ingestion Rate: 0 L/day
HI - hazard index Exposure Duration (ED): 0 unitless
HQ - hazard quotient Site Utilization Factor (SUF): 1 unitless
LRBCL - livestock risk-based cleanup level Home range: -- acres
LOAEL - lowest observed adverse effects level Exposure area: 412 acres

mg/kg - milligrams per kilogram

mg/kg-day - milligrams per kilogram per day
mg/L - milligrams per liter

NOAEL - no observed adverse effects level
TRV - toxicity reference value

a The abiotic media exposure point concentrations used in the Tier Il Livestock Risk Assessment are equal to the lower of the maximum detected concentration or
ProUCL recommended 95%, 97.5% or 99% upper confidence limit on the mean concentration measured in samples collected from the Ballard Mine.

b The soil-to-plant bioaccumulation factor was derived from sources listed in Table 4-15 and 4-16 of the Baseline Risk Assessment for Ballard Mine and Ballard Shop.
The site-specific soil-to-plant bioaccumulation factor, where available, is equal to the measured plant concentration divided by the measured soil concentration.

¢ The plant concentration (Cp ant) Was calculated from the upland soil concentration and the soil-to-plant bioconcentration factor (BCFg.p).

4 The measured plant concentration is equal to the lower of the maximum detected concentration or ProUCL recommended 95%, 97.5% or 99% upper confidence limit
on the mean concentration detected in plant tissue collected from Ballard Mine.

¢ The ingestion dose for the accounts for exposure to soil based upon terrestrial foraging habits as presented in Table 4-17 of the Baseline Risk Assessment for Ballard
Mine and Ballard Shop, and uses measured plant tissue concentrations, where available, in preference to plant tissue concentrations modeled from upland soil.



Table A-28

Risk-Based Cleanup Levels for Livestock

Upland Soil LCOC Cattle
Selenium 24.8
Notes:

Concentration is in milligrams per kilogram (mg/kg).

LCOC - livestock chemical of concern
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This appendix presents detailed information regarding the further screening of remedial
technologies that is summarized in Section 5.0. As discussed in the introduction to Section 5.0, the
potentially applicable remedial technologies and associated process options that were retained based
on the preliminary screening of technical implementability are further screened and retained or
eliminated in accordance with the RI/FS Guidance. The goal of this final technology-screening step is
to further reduce the number of retained process options to a subset consisting of only the most
viable technologies for the development of remedial alternatives for each environmental medium at

the Site.

B.1 TECHNOLOGY SCREENING FOR VEGETATION

As discussed in Section 4.2.3, vegetation is considered a secondary medium in that plants uptake
COCs/COECs from primary media such as soil, sediment, surface water and/or groundwater. As a
result, remedial technologies are not evaluated specifically for the Site vegetation. Instead,
vegetation is included as a consideration in the technology screening performed for each primary

medium discussed in this section.

B.2 TECHNOLOGY SCREENING FOR UPLAND SOIL AND WASTE ROCK
In this section, the retained technologies and process options that were preliminarily screened in
Section 4.1 are further screened against the effectiveness, implementability, and cost criteria. The

rationale for retaining or eliminating each technology is presented below and summarized in Table

5-1.

B.2.1 No-Action

The No-Action option is always carried forward as a baseline case in the IS process and is required
by the NCP, as discussed in the RI/FS Guidance. Evaluation of this option against the three

screening criteria and additional Site considerations is presented below.

Effectiveness: Low. No reduction in the toxicity, mobility, or volume of COCs/ROCs/COECs
in upland soil, associated vegetation, or waste rock. The No-Action alternative is not effective

for constituents that drive unacceptable risk or exceed the RAOs.

Implementability: High. The No-Action option is easily implementable because nothing

changes in the management of the Site.

Cost: Low. No additional capital costs, no O&M costs.
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Site-Specific Considerations: The No-Action alternative is not appropriate in the upland

soil/waste rock where there are unacceptable risks.

Potentially Applicable Areas: The No-Action alternative is only applicable to areas of the
Ballard Site that meet the RAOs.

Decision Rationale: Evaluation of the No-Action alternative is required by the NCP as a point

of comparison with other alternatives.

Retained?: Yes. Although the No-Action alternative does not reduce risks or meet RAOs, it is

retained as point of comparison as required by the NCP.

B.2.2 Limited Action Response

The Limited Action Response options that are applicable to the upland soil/waste rock include ICs
as discussed in Section 4.2.4.1. ICs assist in achieving RAOs by: 1) limiting land or resource
use/access, and 2) providing information that helps modify ot guide human behavior at locations
and in areas where COC/ROC concentrations prevent unlimited use and unrestricted exposure. 1Cs
also are used to prevent exposures during the period between when an active remedy is
implemented and the cleanup levels are achieved, and to prevent activities that would interfere with
an implemented remedy (e.g., excavating in a capped area). The ICs that are applicable to the

upland soil/waste rock include proprietary controls, governmental controls, and fencing.

e DProprietary Controls and Governmental Controls. Proprietary controls (also known as
deed restrictions) such as easements and restrictive covenants are the most applicable type of
non-engineered ICs to restrict certain activities on P4 property and the adjacent privately
owned property. Governmental controls (e.g., zoning, local ordinances) are the most
applicable type of non-engineered ICs to restrict certain activities on adjacent state and

federal lands.

Effectiveness: High when combined with other remedial technologies. ICs alone do not
reduce the toxicity, mobility, or volume of COCs/ROCs/COECs in upland soil, associated
vegetation, or waste rock; and are not effective in reducing risk to environmental receptors.
Effective at prohibiting designated types of land (e.g., residential development) use through
legal mechanisms such as deed restrictions, covenants, and environmental easements that

have continuing effect in perpetuity or until occurrence of a defined terminating event.
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Implementability: Moderate. Proprietary controls are relatively easy to implement within

the Ballard Site boundary that is controlled by P4 Production. Proprietary and governmental
controls may be more difficult to implement on state, federal, or privately owned property
adjacent to the Site if necessary (refer to Drawing 1-2 that shows the land ownership

surrounding the Ballard Mine Site).

Cost: Low capital, low O&M.

Site-Specific Considerations: There are no Site-specific considerations that would inhibit
establishing proprietary and governmental controls other than obtaining the cooperation of

the adjacent landowners.

Potentially Applicable Areas: Proprietary and governmental controls are potentially

applicable to all impacted areas of upland soil/waste rock.

Decision Rationale: Proprietary and governmental controls are retained because they would

be effective at limiting access and direct human exposure to COCs/ROCs in upland soil,
associated vegetation, and waste rock on the Site. ICs are typically a component of a

selected remedial alternative.
Retained?: Yes.

e Fencing. Fencing can be erected as an engineered control to prevent human, livestock, and
other large-animal access to areas that have unacceptable risks. By limiting access to specific
areas, fencing contributes to a reduction of risk by reducing the potential for exposure
through direct contact with COCs/ROCs/COECs. However, it does not reduce the
toxicity, mobility, or volume of the COCs/ROCs/COECs.

Effectiveness: High when combined with other remedial technologies. Fencing alone does
not reduce the toxicity, mobility, or volume of COCs/ROCs/COECs in upland soil,
associated vegetation, or waste rock. For some receptors, fencing would be effective for
prevention of direct contact with all Site COCs/ROCs/COECs in upland soil, associated
vegetation, and waste rock. Fencing does not address minimizing infiltration of precipitation

at potential sources of constituent migration to groundwater.

Implementability: High. The design and construction of new fencing or updates to existing

fencing is straightforward to implement. Construction of new fencing or a different type of
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fencing on State or privately owned property may be difficult because of long-term

agreements that have to be negotiated.

Cost: Low capital, low O&M. Costs would include design, construction, periodic

inspections/O&M and 5-year review reporting.

Site-Specific Considerations: Fencing is already in place around portions of the Site

perimeter, although some fence improvements and additional fencing may be required.

Potentially Applicable Areas: Fencing is potentially applicable to all upland soil/waste rock

areas that have unacceptable risks.

Decision Rationale: Fencing is retained because it would effectively limit access and

exposures to some receptors. Fencing typically is a component of a selected remedial

alternative.

Retained?: Yes.

B.2.3 Containment

B.2.3.1  Cover Systems

Cover systems consist either of single or multi-layer earthen or multi-layer composite (i.e., earthen
and/or geosynthetic) systems to cap impacted areas of the Site. Capping is a readily implementable
and a proven technology for eliminating direct exposure of humans and ecological receptors to
Ballard Site COCs/ROCs/COECs, in addition to minimizing potential future impacts to
groundwater. However, a given cap’s effectiveness at achieving these objectives is based on its
structural components, which in turn affect the cost of implementing a given cap design. The cost
of each cap design must be weighed against the limitations of its design (i.e., effectiveness) to
determine which cap design is the most cost-effective while achieving the necessary reduction in
risk. The following three primary performance criteria were used in the effectiveness evaluations for

each cover type considered.
1. Preventing Direct Exposure
2. Reducing Infiltration

3. Long-Term Durability
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The following cover types, identified in Section 4.2.4.2, typically are designed for specific objectives

that may limit their applicability only to certain types of contamination and specific areas of the Site.

Multi-Layered (Conventional) Cap. The multi-layered cap involves construction of a cap
with at least one hydraulic-barrier layer, consisting of either a compacted clay layer, GCL, or
geomembrane layer. In addition to the hydraulic-barrier layer, the cap would incorporate a
drainage layer and a vegetation layer. Installing a clay layer may require importing large
quantities of material in the event that local sources are not available. An alternative to a
compacted clay layer would involve using some type of geomembrane/GCL or crushed

limestone layer to serve as the hydraulic-barrier layer.
Effectiveness: High.

1. Preventing Direct Exposure — When implemented with ICs that prevent access and
future disturbance of the cap, the multi-layered cap is effective for reducing direct

exposure and ingestion for all COCs/ROCs/COEC:s.

2. Reducing Infiltration — As long as cap integrity is maintained, a multi-layered cap is
effective at reducing infiltration and potential migration of COCs/COECs to

groundwater.

3. Long-Term Durability — The potential for significant damage during placement brings
into question the long-term durability of multi-layered caps. An O&M plan to monitor
the cap vegetation and cap materials would be required to ensure long-term durability

and effectiveness.

Implementability: Moderate. The design and construction of multi-layer caps is more

complex than other types of caps, i.e., several layers are required including compacted clay
and/or synthetic liners. Multiple cap designs for different areas of the Site may be required
depending on the mobility of the COCs/ROCs/COECs being capped and downstream

receptors.

Cost: High capital, moderate O&M. Costs would include design, construction, periodic

inspections/O&M, and 5-yeat review reporting.

Site-Specific Considerations: A multi-layered cap is a potential option for upland soil/waste

rock areas with potential groundwater impacts from all Site-related COCs. Access
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restrictions to limit cap intrusion and resulting exposure to underlying waste
rock/contaminated soil would also be required. Existing vegetation will need to be removed
and consolidated into upland soil or waste rock that receives the cover. In addition,
vegetation to be planted within the vegetative layer would preclude plant species that are

considered selenium hyperaccumulators.

Potentially Applicable Areas: Multi-layer caps are applicable to areas with potential

groundwater impacts (i.e., West Ballard Pit) from Site COCs. May include multiple designs
based upon mobility and risk posed by the specific COCs/ROCs/COECs being capped.

Decision Rationale: Multi-layer caps are retained because they would be effective for
protection of groundwater and minimizing direct exposure and ingestion of all Site
COCs/ROCs/COECs when implemented in conjunction with ICs (e.g., fencing and deed

restrictions).

Retained?: Yes.

e Evapotranspirative (ET) Cap. An ET cap involves constructing an earthen cover of soil
and vegetation to provide sufficient water storage and ET capacity to store and remove
precipitation, thereby eliminating infiltration through the cover and into the underlying
waste. ET cover systems may be monolithic or include a capillary-break layer comprised of
coarse material (e.g., cobbles) that limits infiltration into the underlying wastes. ET soil caps
have been widely used in arid and semi-arid regions of the western United States and have
been effective at eliminating infiltration of precipitation and isolating waste (USEPA 2003).
However, due to the elevation of the Site and relatively high precipitation rates (snowfall), an
ET cap may not be as effective as other cover systems. Additional testing during the
remedial design phase would be required to confirm that an ET cap would be effective at the

Ballard Site.

Once established, an ET cover may provide greater long-term protection because of its use
of geological materials, which are very durable, rather than synthetic materials (i.e., flexible

membrane liners), which can fail over time.

Effectiveness: High.
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1. Preventing Direct Exposure — When implemented in conjunction with deed restrictions
that prevent future disturbance of the cap, the ET cap is effective for reducing direct

exposure and ingestion for all COCs/ROCs/COEC:s.

2. Reducing Infiltration — As long as cap integrity is maintained, an ET cap is effective at

reducing infiltration and potential migration of COCs to groundwater.

3. Long-Term Durability — Because ET caps are constructed of earthen materials, long-
term durability is believed to be superior to multi-layered caps. An O&M plan to
monitor the ET cap vegetation and cap materials would be required to ensure long-term

durability and effectiveness.

Implementability: High. The design and construction of ET caps is considered

straightforward. ET caps typically use locally sourced soil and native vegetation.

Cost: Moderate to High capital (if on-site borrow sources are available) and low O&M

costs. Costs would include design, construction, periodic inspections/O&M and 5-year

review reporting.

Site-Specific Considerations: The specific design will be based on performance criteria that
would include eliminating future groundwater impacts and direct exposure of Site
COCs/ROCs/COECs. Infiltration modeling would be necessaty to establish the overall
thickness of an ET cover system and at this location the ET cap might be fairly thick
because of Site specific conditions (altitude, precipitation amount and timing of precipitation
and snowmelt, etc.). An ET cap would be used with ICs to limit exposure to underlying
wastes/contaminated soil and potential intrusions to the cap. Existing vegetation will need
to be removed and consolidated into upland soil or waste rock that receives the cover. In
addition, vegetation to be planted within the vegetative layer would not include plant species

that are considered selenium hyperaccumulators.

Potentially Applicable Areas: ET caps are potentially applicable to all areas of the Site with

waste rock, or specific areas that are known sources of potential groundwater impacts.

Decision Rationale: ET caps are retained because they are increasingly being used in arid

and semi-arid regions to prevent future groundwater impacts and to minimize direct
exposure and ingestion of Site COCs/ROCs/COECs when applied with ICs (e.g., fencing

and deed restrictions).
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Retained?: Yes.

e Soil Cover Cap. A soil cover cap involves placement of one foot or more of soil over
impacted soil or waste rock to limit contaminant migration and gamma exposure. Gamma
caps or simple soil cover caps typically reduce but do not eliminate infiltration of

precipitation and therefore may not eliminate the potential for leaching of metals.
Effectiveness: High, but for only for gamma/ditect contact exposute.

1. Preventing Direct Exposure — One foot or more of native soil cover has been shown to
be effective at reducing gamma radiation from ROCs to acceptable levels. This cover
also limits direct contact exposure to other COCs (e.g., ingestion, dermal contact, and

inhalation) if implemented with sufficient deed/access restrictions.

2. Reducing Infiltration —Soil caps having one-foot thickness likely are not effective for

eliminating infiltration, but may still reduce leaching of metals from the soil/waste rock.

3. Long-Term Durability — Because soil caps are constructed of earthen materials, long-

term durability is presumed to be superior to caps that include synthetic materials.

Implementability: High. The design and construction of soil caps is straightforward. Soil

covers typically use locally sourced soil and native vegetation.

Cost: Low capital (if on-site borrow sources are available) and low O&M costs. Costs

would include design, construction, periodic inspections/O&M and 5-year review reporting.
Costs are low because the thickness of soil is determined by its ability to reduce direct
exposure to COCs/ROCs and not to completely eliminate leaching of COCs/COECs from

the underlying waste rock (i.e., necessary for ET cover)

Site-Specific Considerations: Soil cover caps could be considered for areas on Site to

address gamma radiation from ROCs and direct contact with COCs. Similar to the other
capping options, soil cover caps would be used in conjunction with access restrictions to
limit exposure to undetlying waste rock/contaminated soil. Existing vegetation will need to
be removed and consolidated into upland soil or waste rock that receives the cover. In
addition, vegetation to be planted to reclaim the surface of the cap would not include plant

species that are considered selenium hyperaccumulators.
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Potentially Applicable Areas: Potentially applicable to ateas with COCs/ROCs posing direct

contact risk.

Decision Rationale: Soil cover caps are retained because they would be effective in

addressing direct contact risk associated with COCs/ROCs and would reduce the extent of

infiltration and leaching from metal-containing waste rock and soil.
Retained?: Yes

B.2.3.2  Surface Control
e Soil Grading. Surface grading involves the control and routing of stormwater run-on and
runoff in order to reduce ponding and infiltration of surface water in the impacted upland

soil/waste rock.

Effectiveness: High when combined with other remedial technologies. Surface grading is
effective for reducing infiltration by promoting drainage of storm water run-on/runoff away
from capped or impacted areas. Surface grading alone would not reduce the toxicity, or
volume of COCs/ROCs/COECs in upland soil/waste rock or vegetation, but could act to
reduce the mobility of COCs/ROCs/COECs by limiting infiltration and erosion. Likewise,
surface grading alone is not effective in reducing direct exposures to human and

environmental receptors.

Implementability: High. Surface grading is straightforward. Surface grading would be

incorporated into overall Site restoration grading plan.

Cost: Low capital and O&M costs. Costs would include grading design, construction,

petiodic inspections/O&M and 5-year teview reporting.

Site-Specific Considerations: The topography of the Site is conducive to using soil grading

to divert a portion of surface water flow away from the impacted upland soil/waste rock.

Potentially Applicable Areas: Site-wide grading would be applicable to all areas of impacted

upland soil/waste rock.

Decision Rationale: Soil grading is retained, but only as a component of an overall remedy

that meets RAOs. For example, site-wide draining would be a design consideration for

controlling surface water flow on and around a cap or cover system.

Retained?: Yes.
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B.2.4 Removal and Disposal

B.2.4.1

Removal

Removal, followed by some form of appropriate disposal, is a proven method for effectively

removing COCs/ROCs/COECs to a level below risk-based standatds.

B.2.4.2

Conventional Excavation. Conventional excavation involves the removal of impacted soil
and waste rock through the use of conventional excavation equipment including trackhoes,

dozers, front loaders, and scrapers.

Effectiveness: High. Removal of impacted upland soil/waste rock and vegetation via
conventional excavation would eliminate the unacceptable risks and would meet the
chemical-specific ARARs assuming the excavated materials are properly disposed. (The on-

Site disposal options are discussed below.)

Implementability: High. Straightforward using conventional excavation in areas with

COCs/ROCs/COECs.

Cost: High capital, no O&M costs. Costs would include excavation design, periodic

inspections during implementation. Excavated areas would be reclaimed through

revegetation. Therefore, O&M costs are associated with other process options.

Site-Specific Considerations: The upland soil/waste rock areas are conducive to using

conventional excavation equipment to remove the impacted materials.

Potentially Applicable Areas: Conventional excavation would be applicable to areas of

impacted upland soil/waste rock and associated vegetation.

Decision Rationale: Conventional excavation is retained as potentially applicable in

conjunction with other treatment, disposal, or reuse options. Conventional excavation
would be required in conjunction with on-Site consolidation and reuse, or on-Site disposal

(i.e., backfilling of existing pits) as discussed below.
Retained?: Yes.

Disposal

Disposal of impacted upland soil (including vegetation) and waste rock would have to be considered

as part of any remedial alternative involving removal. Off-Site disposal was eliminated in the initial
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screening step described in Section 4.2.4.3. Evaluation of on-Site disposal against the three

screening criteria and additional Site considerations is presented below.

B.3

On-Site Disposal. On-site disposal involves consolidation of excavated materials in on-Site
open mine pits or in a selected area adjacent to the pit that will eventually receive caps/soil
covers. To ensure long-term isolation of the excavated materials and prevent future
groundwater impacts, the consolidated upland soil/waste rock/vegetation would require
placement in an area that would receive an appropriate grading and cover/cap for the

COCs/ROCs/COECs present.

Effectiveness: High. Effective at reducing impacted footprint at the Site by consolidation

and subsequent capping of the impacted upland soil/waste rock and associated vegetation.

Implementability: High. On-Site disposal would be relatively straightforward using

conventional earthwork equipment.

Cost: Moderately high capital and low to moderate O&M costs. Costs would include

design, construction, periodic construction inspections/O&M and 5-year review reporting.

Site-Specific Considerations: The layout of the Site (e.g., existing mine pits) is conducive to

the consolidation and capping of the potentially large volumes of excavated wastes.

Potentially Applicable Areas: On-Site disposal would be applicable to all areas of the Site

containing impacted upland soil/waste rock.

Decision Rationale: On-Site disposal is retained because removal and on-Site disposal may

be the most feasible method for remediating the large volumes of upland soil/waste rock.

Retained?: Yes.

TECHNOLOGY SCREENING FOR SURFACE WATER

In this section, the retained technologies and process options that were preliminarily screened in

Section 4.3 are further screened against the effectiveness, implementability, and cost criteria. The

rationale for retaining or eliminating each technology is presented below and summarized in Table

5-2.
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B.3.1 No Action

The No-Action option is being retained because it is required to be evaluated as a base case by the
NCP and under current RI/FS Guidance. Evaluation of the No-Action option against the three

screening criteria as well as additional site considerations is presented below.

Effectiveness: Low. The no-action alternative is not effective for constituents that drive

unacceptable risk or exceed ARARs.

Implementability: High. The No-Action alternative is easy to implement.

Cost: Low (no additional) capital costs, no O&M costs.

Site-Specific Considerations. The No-Action alternative is not approptiate where COC/COEC

concentrations exceed the surface water ARARs.

Potentially Applicable Areas: The No-Action alternative is potentially applicable where

COC/COEC concentrations do not exceed the surface water ARARs.

Decision Rationale: Yes. Although the No-Action alternative does not reduce risks or meet
chemical-specific ARARs for the Site surface water, it is retained as point of comparison as

required by the NCP.

Retained?: Yes.

B.3.2 Limited Action Response

Limited action responses applicable to the Site surface water include ICs to limit surface water use,

prevent exposures for some receptors, and to protect the integrity of remedial actions.

B.3.2.1 Institutional Controls

As discussed in Section 4.3.4.1, ICs assist in achieving RAOs by: 1) limiting land or resource
use/access, and 2) providing information that helps modify or guide human behavior at locations
and in areas where COC/COEC concentrations prevent unlimited use and unrestricted exposute.
ICs also are used to prevent exposures during the period between when an active remedy is
implemented and the cleanup levels are achieved. The ICs that are applicable to the impacted
surface water at the Ballard Site include governmental and proprietary controls to restrict

groundwater use, and fencing to restrict access to impacted surface water.
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e Proprietary Controls and Governmental Controls. Proprietary controls (also known as
deed restrictions) such as easements and restrictive covenants are the most applicable type of
non-engineered ICs to restrict certain activities on P4 property and the adjacent privately-
owned property. Governmental controls (e.g., zoning, local ordinances) are the most
applicable type of non-engineered ICs to restrict certain activities on adjacent state and

federal lands.

Effectiveness: High when combined with other remedial technologies. ICs alone do not
reduce the toxicity, mobility, or volume of COCs/COECs in surface water; and are not
effective in reducing risk to environmental receptors. 1Cs would potentially be effective in

preventing human exposure to surface water COCs (e.g., consumption, irrigation).

Implementability: Moderate. Proprietary controls are relatively easy to implement within
the Ballard Site boundary that is controlled by P4 Production. Proprietary and governmental
controls may be more difficult to implement on state, federal, or privately-owned property
adjacent to the Site if necessary (see Drawing 1-2 that shows the land ownership

surrounding the Ballard Mine Site).

Cost: Low capital, low O&M.

Site-Specific Considerations: There are no Site-specific considerations that would inhibit

establishing proprietary and governmental controls other than obtaining the cooperation of

the adjacent landowners.

Potentially Applicable Areas: Proprietary and governmental controls are potentially

applicable to all areas of impacted surface water.

Decision Rationale: Proprietary and governmental controls are retained because they would

be effective at limiting access and direct human exposure to COCs in the impacted surface

water. ICs are typically a component of an overall Site remedy.

Retained?: Yes.

e Fencing. Fencing can be erected as an engineered control to prevent human, livestock, and
other large-animal access to areas that have unacceptable risks. Small animals and birds are
more difficult to restrict with fencing, but it is possible for small areas. By limiting access to

specific areas, fencing contributes to a reduction of risk by reducing the potential for
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exposure through direct contact with COCs/COECs. However, it does not reduce the
toxicity, mobility, or volume of the COCs/COECs, and does not reduce risks to aquatic

receptors.

Effectiveness: High when combined with other remedial technologies. Fencing alone does
not reduce the toxicity, mobility, or volume of COCs/COECs in surface water. For some
receptors, fencing would be effective for prevention of direct contact with Site

COCs/COEQC:s in surface water.

Implementability: High. Design and construction of perimeter fencing would be easy to

implement.

Cost: Low capital, low O&M. Costs would include design, construction, periodic

inspections/O&M and 5-year review reporting.

Site-Specific Considerations: Site-specific considerations for constructing a fence include
obtaining the cooperation of the affected private landowners, and the perceived aesthetic

impacts of a fence.

Potentially Applicable Areas: Fencing is applicable to all areas of impacted surface water

that have unacceptable risks.

Decision Rationale: Fencing is retained because it would effectively limit access and

exposures to some receptors. Fencing typically is a component of an overall Site remedy.

Retained?: Yes.

B.3.3 Source Controls

Source controls are an effective way for reducing migration of COCs/COECs from source areas to
surface water by removing or containing the source of surface water impacts. Source controls can
include treatment of source areas through containment (capping), treatment and/or removal. The
technologies associated with source controls are discussed as part of the remedial technologies for
upland soil/waste rock (see Section B.2). Key source controls for surface water are those that
prevent surface water contact with Site waste rock, and those that reduce or eliminate mine waste
rock seepage containing elevated COC/COEC concentrations. Evaluation of the soutce control

option against the three screening criteria and additional Site considerations is presented below.
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Effectiveness: Moderate to high. Source controls can be highly effective for reducing storm
water contact with the primary source (waste rock). The effectiveness of source controls for
reducing COC/COEC concentrations is seeps and springs is likely to be more variable,
increasing with time. Some additional actions may be necessaty to treat impacted seep/spring

discharge for a period immediately after implementation of the source controls.

Implementability: Low to high. Refer to the upland soil/mine waste discussion in Section B.2.

Cost: Moderate to high capital, low to moderate O&M.

Site-Specific Considerations. See Section B.2.

Potentially Applicable Areas: See Section B.2.

Decision Rationale: Source controls can include treatment of source areas through containment

(capping), in-situ treatment, and/or removal. The technologies associated with source controls
are discussed as part of remedial technologies for upland soil/waste rock (see Section B.2).
Source controls have the potential for requiring the least amount of long-term O&M with high

permanence.

Retained?: Yes.

B.3.4 Containment

Complete containment of surface water on Site is not a practicable technology. However,
temporary containment is an important consideration to reduce the concentrations of some
COCs/COECs in the suspended phase. In addition, suspended sediment control would be required
during remedial construction and until any revegetation is shown to be complete. Containment will
only supplement the overall remedial action at the Site, but it is an important component for limiting
the migration of COCs/COECs in the suspended phase and as bedload sediment. Two relevant

technologies are evaluated below.

B.3.4.1  Retention Basins

Retention basins or sedimentation pond, are a common BMP for storm water management and are
used at most of the recent and active mines in the region. Typically, the ponds are formed by
constructing a small earthen berm in a drainage. The intent is to slow or hold the water and thereby
allowing the suspended sediment to settle out. During a large storm event, the ponds may

discharge, but during smaller events, all the water may be retained. Any retained water either
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evaporates or infiltrates. If the water has elevated concentrations of COCs/COEC:s, this could be a

source to groundwater if the basin is unlined. An example of this is pond MSP013 at the Site.

Effectiveness: Moderate. Can be very effective in settling suspended sediment and reducing
total COC/COEC concentrations except during very large storm events. Typically, not effective

for reducing dissolved COC/COEC concentrations.

Implementability: High. Retention basins are easily constructed and maintained.

Cost: Low capital, low O&M. Ponds may need periodic sediment removal.

Site-Specific Considerations. Retaining contaminated surface water in unlined retention basins

may result in COCs/COECs being transferred to sediments and groundwater.

Potentially Applicable Areas: Retention basins are applicable to all areas where contaminated

surface water is known or expected to flow off-Site.

Decision Rationale: Retention basins are a standard BMP that likely will be needed during

remedial construction, and to help reduce the transport of COCs/COECs off Site.
Retained?: Yes.

B.3.4.2 Wetlands
Wetlands function like retention basins, but are vegetated with wetlands plants. Wetlands can have

an added benefit in some removal of dissolved COCs/COECs due to biological activity.

Effectiveness: Moderate. Wetlands are slightly more effective than retention basins due to the
additional filtration provided by the vegetation and possible dissolved COC/COEC tremoval due

to biological activity.

Implementability: Low. Wetlands require a moist environment with standing water for at least

several months of the year to support vegetation. Implementation on the Site would be difficult

unless fed by a perennial seep or spring.

Cost: Low capital and low O&M.

Site-Specific Considerations: Site drainages are dry for much of the year and are not likely to

support wetlands vegetation.

Potentially Applicable Areas: Surface drainages, and seep and spring locations throughout the

Site.
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Decision Rationale: Wetlands are not retained as a containment option because vegetation

would have low survivability without a source of water besides storm water and runoff.

Wetlands may have a role in seep and spring treatment discussed below in Section B.3.7.1.

Retained?: No.

B.3.5 Disposal

B.3.5.1 Land Application

For land application, the collected surface water is applied to a land area by irrigation. The water is
lost to evaporation (from sprays and on the ground) and transpiration from plants. A small fraction
will infiltrate to groundwater. COCs/COECs often will be fixated in the vegetation and soil so that
the fraction that infiltrates to the groundwater has reduced COC/COEC concentrations. The
concept works best in arid to semi-arid areas where there is a significant depth to groundwater that
results in ample COC/COEC attenuation potential. Some level of water treatment could be
requited to address cross-media transfer of COCs/COECs, and potential percolation of

COCs/COECs back to groundwater.

Effectiveness: Low. Land application is most effective during the spring to fall timeframe. The
greatest surface water discharge from the Site occurs in the spring and early summer, so the
seasonality of the source and process match well. Some level of treatment might be necessary to
limit cross-media COC/COEC transfer, or infiltration of COCs/COECs to groundwater.
Often, the attenuation capacity of the soil is sufficient to prevent groundwater contamination if
the depth to groundwater is large enough. For surface water, effectiveness is limited because
winter discharge from perennial springs would have to be stored or discharged by other means.
In addition, long-term effectiveness is uncertain because of the potential COC/COEC

accumulation in soil and vegetation may reach unacceptable levels.

Implementability: Low to moderate. Land application would require identification of a large

tract of land with sufficient depth to groundwater (e.g., approximately 100 feet or more).

Attenuation and cross-media transfer of COCs would have to be evaluated.

Cost: Low capital, moderate O&M.

Site-Specific Considerations: A large tract of land with sufficient depth to groundwater may not

be available. Cross-media transfer of COCs/COECs (e.g., from the water to culturally
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significant plants) could result in transfer of risks. Cold weather would complicate land

application in the winter.

Potentially Applicable Areas: Land application could be applicable to all surface water that is

removed and treated.

Decision Rationale: The technology is potentially useful for surface water disposal, and the
seasonal nature of land application matches well with the seasonal flow is the intermittent Site
drainages, with the exception of some perennial spring discharge through the winter. In
addition, a lower level of treatment may be acceptable compared to other disposal technologies.
For example, in-stream standards may not apply, and COC/COEC concentrations higher than
groundwater standards could be acceptable because of the capacity of the soil to attenuate
COCs/COECs. A land application area containing sutface water bodies would not be selected.
However, there are a large number of uncertain factors in applying the technology, such as
locating an appropriate tract of land and media transfer of COCs/COECs. Other technologies

that also require some treatment have lower cost and more certainty.
Retained?: No.

B.3.5.2 Treated Discharge to Surface Water

This option would require interception of surface water (storm water, snow melt runoff, and spring
and seep discharge), treatment, and discharge back to the surface water drainages. The volume of
the water discharged to the surface water drainages would not change significantly, but the
COC/COEC loading would be decreased to permitted levels. The discharge volume would be
similar to current conditions, and the discharge from the Site drainages would not reach the

Blackfoot River during large portions of the year.

Effectiveness: High. Effectiveness assumes surface water can be treated to meet NPDES

permit requirements prior to discharge.

Implementability: High. A NPDES permit could be obtainable considering that the treated

discharges would be similar to current flows, and because COC/COEC concentrations in the

treated discharge would be below current concentrations, risk levels and ARARs.

Cost: Low to moderate capital, low O&M.

Site-Specific Considerations: Most Site surface water drainages flow to the Blackfoot River.

The main stem of Blackfoot River from the confluence of Lanes and Diamond creeks to the
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Blackfoot Reservoir is a 303(d)-listed segment for selenium, sediment, dissolved oxygen, and
elevated temperature (RI Report — MWH, 2014). Obtaining NPDES permits for drainages that
flow to the Blackfoot River could be difficult. However, the treated discharge in this case would

result in reduced selenium loading in the Blackfoot River.

Potentially Applicable Areas: Could be applicable to all surface water that is removed and

treated.

Decision Rationale: Treated discharge to surface water is retained because a NPDES permit

could be obtainable considering that the volumes of treated discharges would be similar to
current flows, and because COC/COEC concentrations in the treated discharge would be below

current concentrations, risk levels and ARARs.

Retained?: Yes.

B.3.5.3  Evaporation/Infiltration Basin or Trench

Discharge to an evaporation/infiltration basin or trench would requite some treatment of the
surface water before it is discharged. Infiltration to the alluvial unit could be possible if an area with
relatively high permeability is identified and/or if water volumes ate relatively small. A basalt unit,
which typically can have relatively high permeability because of fracturing, is present west of the Site
in the valley and could be an option for an infiltration basin. Infiltration to the Wells Formation in
the bottom of one of the mine pits would also be an option. Because a larger volume of water is
generated in the spring, evaporation during the warm summer months could be a component for
managing the spring runoff volume coupled with infiltration. However, evaporation is only
seasonally effective and could not be relied on as the only disposal method. Evaluation of this

option against the three screening criteria and additional Site considerations is presented below.

Effectiveness: Moderate to high. Effective for disposal of treated water assuming a location
with sufficient infiltration capacity is identified. Evaporation would only be effective for water
disposal during the warmer months. Infiltration into a permeable unit of the Wells Formation
would be highly effective, as would infiltration into the fractured basalt unit. Infiltration to the

alluvial unit could be effective if permeable strata are located.

Implementability: Moderate. Implementable, but would require treatment of surface water

prior to discharge to the basin, but for some COCs, like selenium, the level of treatment could

be less than for discharge to surface water (i.e., groundwater standards are higher than surface
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water standards). An investigation would be required to select a location for the system (storage
and infiltration facility). The system would have to accommodate the seasonality of the flow
with either excess infiltration capacity or storage. Removal of surface water from the local
watershed could affect wetland habitats and require mitigation. If infiltration to the Wells
Formation is considered, use of one of the mine pits could be a readily available location
(shallow injection wells could be an option in this setting). Infiltration to the alluvial system may
be possible for a small volume of water if permeable beds can be located. For infiltration into

the fractured basalt, an agreement with an adjacent landowner would be required.

Cost: Moderate capital, low O&M.

Site-Specific Considerations: Disposal of collected surface water via an infiltration basin would

require identifying an area with suitable permeability. Disposal of collected surface water via an
evaporation basin would only be feasible during the warm summer months. Infiltration of Site
surface water to groundwater would reduce flows in the associated watershed. The seasonal

variability of Site surface water flow may make temporary storage of water necessary.

Potentially Applicable Areas: Could be applicable to all surface water that is removed and

treated.

Decision Rationale: The infiltration of seasonal snowmelt and runoff would likely require a

storage basin and would have a significant effect on the hydrology of the watershed. However,
with source controls, impacted runoff is likely to be eliminated. Spring and seep discharges are
less seasonally variable, have more predictable lower flow rates, and are fundamentally
groundwater discharges. Only during runoff periods do these flows reach the Blackfoot River
when comingled with runoff. Infiltration of spring and seep water back to the alluvial

groundwater system, would not likely affect the hydrology of the watershed.

Retained?: Yes.

B.3.6 Ex-Situ Treatment

A detailed description of the ex-situ treatment technologies that were retained following the initial
screening described in Section 4.3.4.5 is provided below. Prior to full-scale implementation, one or
more of the technologies that would form the treatment train would need to be pilot tested to

determine their effectiveness at reducing COCs/COECs to acceptable levels. Four general
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categories of ex-situ treatment technologies for surface water are evaluated below including physical,

chemical, thermal, and biological categories and their associated process options.

B.3.6.1  Physical
e Solid/Water Separation. Separation consists of mechanical and gravity methods for bulk

removal of suspended solids from surface water. Considering that most of the surface water
COCs/COECs exceeding ARARs ate in the dissolved phase, separation would not be
sufficient as a standalone technology, but could be incorporated into the treatment train of a
larger treatment system. For example, a clarifier is often a component of a chemical
precipitation process to gravity separate the newly formed solid contaminants. Chemical
processes such as lime softening and coagulation both generate large volumes of solids that

need to be separated from the treated water stream.

Effectiveness: High if used in conjunction with other treatment technologies that precipitate
dissolved COCs/COECs. Could be used to remove suspended sediment from storm watet,

but simple retention basins are as effective (see Section A.3.4.1 above).

Implementability: High. Readily implementable as part of an overall treatment system

Cost: Moderate capital, moderate O&M.

Site-Specific Considerations: Separation would not likely be sufficient as a standalone

treatment technology because a large portion of the surface water COCs/COECs ate in the

dissolved phase.

Potentially Applicable Areas: If used as a component of an overall treatment system,

separation would be applicable to all Site surface water that requires treatment.

Decision Rationale: Solid/water sepatration is not retained as standalone treatment because a

large portion of the surface water COCs/COEC:s are in the dissolved phase, but retained for

possible use in conjunction with other treatment options.

Retained?: Yes — in conjunction with other treatment technology

e Filtration. Filtration is an effective technology for removing a wide particle-size range of
suspended solids from surface water, but would not be a sufficient standalone technology to

remove the dissolved COCs/COECs. While filtration alone would not be effective in

treatment of surface water, it may be potentially applicable in conjunction with other
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treatment technologies, such as chemical precipitation or adsorption. Evaluation of this
option against the three screening criteria and additional Site considerations is presented

below.

Effectiveness: High if used in conjunction with other treatment technologies that precipitate

dissolved COCs/COECs.

Implementability: High. Readily implementable as part of an overall treatment system.

Cost: Moderate capital, moderate O&M.

Site-Specific Considerations: Filtration is not sufficient as a standalone treatment technology

because a large portion of the surface water COCs/COECs are in the dissolved phase.

Potentially Applicable Areas: If used as a component of an overall treatment system,

filtration would be applicable to all Site surface water that requires treatment.

Decision Rationale: Filtration is not retained as standalone treatment because a large portion

of the surface water COCs/COECs ate in the dissolved phase. However, filtration could be

used in conjunction with other treatment options.

Retained?: Yes — in conjunction with other treatment technology

e Adsorption. Adsorption with activated alumina (AA) is identified as a BAT for selenium
water treatment technology (USBR, 2009a). Adsorption would be useful when combined
with other treatment technologies for possible necessary reduction of metals to meet MCLs.
Evaluation of this option against the three screening criteria and additional Site

considerations is presented below.

Effectiveness: High for select COCs/COECs. Adsorption with AA would be effective for
selenium removal from surface water. However, pretreatment to reduce selenate (Se*®) to
selenite (Se**) would be required to increase effectiveness. Adsorption with AA is also a
BAT for arsenic (USBR, 20102). If arsenic occurs as As’" oxidation would be required.
However, when arsenic sources are blended together, this constituent would not likely occur
at a concentration requiring treatment. Adsorption to granular activated carbon (GAC) is a
BAT for cadmium (USBR, 2009b). Therefore, effective removal of selenium, arsenic and
cadmium treatment could occur in multiple stages. The best application of adsorption may

be as a polishing stage.
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Implementability: High. Adsorption is readily implementable. To address all the

COCs/COECs, the treatment train may be complex with multiple types of sorption media
and upfront chemical reduction. In addition, it will generate a hazardous waste stream. A
surge pond or ponds would probably have to be constructed to manage storm event and

snowmelt runoff.

Cost: Moderate to high capital, high O&M.

Site-Specific Considerations: The treatment train may be complex with multiple types of

sorption media and upfront chemical reduction to address all the Site COCs/COECs. For
adsorption, other ions in the influent will have an effect on treatment efficiency and will
need to be evaluated during treatability testing. The technology is adaptable to most Site

flows to be treated, but may be more applicable to lower flow rates.

Potentially Applicable Areas: All areas where surface water is collected and requires

treatment for disposal.

Decision Rationale: Not retained as a standalone treatment because most of the other

technologies considered will likely provide the required level of treatment, and because
sorption generates a hazardous waste stream. However, adsorption could be useful as a
polishing step when combined with other treatment technologies for reduction of residual

dissolved COCs/COECs to meet ARARs (e.g., cadmium).

gl

Retained?: No.

e Jon Exchange. While ion exchange may be applicable to treating contaminants in the Site
surface water, it generates a brine stream from the regeneration and rinsing of the resins.
Depending on the type and form of ion exchange resin used, the volume of the brine stream
may be very small because the raw water COC/COEC concentrations ate relatively low.
The brine stream may require additional treatment prior to disposal or blending with the
process effluent. Furthermore, ion exchange may be more expensive than other equally
effective and implementable ex-situ treatment options. Evaluation of this option against the

three screening criteria and additional Site considerations is presented below.

Effectiveness: High. Ion exchange can be effective for all of the Site COCs/COECs.

Different media may be required for different COCs/COECs (anionic vs. cationic).
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Implementability: Moderate to High. Ion exchange is readily implementable, but usually

results in generation of a liquid brine waste stream. A surge pond or ponds would probably

have to be constructed to manage storm event and snowmelt runoff.

Cost: Moderate to high capital, moderate to high O&M.

Site-Specific Considerations: The elevated concentrations of arsenic, selenium, and

cadmium in the Site surface water is the primary consideration. The technology is adaptable
to most Site flow rates to be treated, but may be more applicable to lower flow rates. For
ion exchange, other ions in the influent will have an effect on treatment efficiently and will

need to be evaluated during treatability testing.

Potentially Applicable Areas: All areas where surface water is collected and requires

treatment for disposal.

Decision Rationale: Ion exchange is not retained because of, in part, the brine stream from

this process would require additional treatment. Moreover, ion exchange is more expensive
than equally effective and implementable ex-situ water treatment technologies. An
application of multiple resins could be effective for all of the COCs/COECs. Membrane
technologies that are discussed below provide a higher and more reliable level of treatment

for the COCs/COECs and many other constituents.

Retained?: No.

e Membrane Technologies. Membrane technologies include reverse osmosis (RO),
nanofiltration (NF) and electrodialysis/electrodialysis reversal (ED/EDR). While these
technologies are all effective at removing the COCs/COECs from Site surface water, they
will produce a brine stream that likely would require further treatment prior to disposal. In
some cases this brine stream can be treated and blended back into the treated RO stream. In
addition, the processes have varying pretreatment requirements and high energy demand
requirements. Evaluation of this option against the three screening criteria and additional

Site considerations is presented below.

Effectiveness: High. All technologies in this group are effective for removing
COCs/COECs down to discharge standards. This technology is a USEPA BAT for

selenium, arsenic, and cadmium.
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Implementability: High. All technologies in this group are readily implementable.

Membrane technologies have high electrical power requirements to pressurize the feed
stream or to charge the membranes and produce an additional waste stream that would
require treatment. A surge pond or ponds would probably have to be constructed to manage

storm event and snowmelt runoff.

Cost: High capital, high O&M.

Site-Specific Considerations: Membrane technology is adaptable to the anticipated flow

volumes to be treated. Membrane technology also is suitable to treat all ions in the Site

groundwater.

Potentially Applicable Areas: All areas where surface water is collected and requires

treatment for disposal.

Decision Rationale: Membrane technologies are retained because they are highly effective

for treating all of the Site COCs/COECs. However, the brine stream from this process

would require additional treatment or management.
Retained?: Yes.

B.3.6.2 Chemical
e Chemical Precipitation. Assuming the combination of appropriate treatment involving

the use of chemical reagents (e.g., FeCl; or Ca(OH),) and separation/filtration, chemical
precipitation would be capable of reducing concentrations of Site COCs/COECs to below
surface water quality standards. In addition, chemical precipitation has a relatively low cost
when compared to other ex-situ treatments/technologies. Important to note is that the
oxidation state of selenium and arsenic influence the treatment efficiency. Evaluation of this
option against the three screening criteria and additional site considerations is presented

below.

Effectiveness: High. Chemical precipitation technology is effective for reducing most of the
Site surface water COCs/COECs to meet the water quality standards. The technology is
USEPA BAT for cadmium, selenium and arsenic (lime softening). However, chemical

precipitation generates a sludge that requires management and disposal.
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Implementability: High. Chemical precipitation is a common treatment process that is
straightforward to implement for a wide range of flows. A surge pond or ponds would

probably have to be constructed to manage storm event and snowmelt runoff.

Cost: Moderate capital, high O&M.

Site-Specific Considerations: Because selenium in surface water at the Site is selenate, it may
be necessary to electrochemically reduce the influent surface water to produce selenite for

improved selenium removal efficiency in the chemical precipitation process.

Potentially Applicable Areas: All areas where surface water is collected and requires

treatment for disposal.

Decision Rationale: Chemical precipitation is retained as a treatment technology for removal

of metals and/or selenium. Likely would require other ex-situ process options including
reduction for selenium (discussed below) and separation/filtration to complete the treatment

train, depending on the discharge requirements.

Retained?: Yes.

e Oxidation/Reduction. Oxidation/reduction is considered in conjunction with other
technologies, such as chemical precipitation, when the oxidation state of the constituents
being treated need to be altered. For example, because selenium in surface water at the Site
is selenate, it may be necessary to electrochemically reduce the influent surface water to
produce selenite. This change in oxidation state to selenite will improve selenium removal
efficiency in the chemical precipitation process. Evaluation of this option against the three

screening criteria and additional site considerations is presented below.

Effectiveness: High when considered in conjunction with other technologies such as
chemical precipitation, which may require an oxidation/reduction step to change the
oxidation state of the constituents being treated (e.g., selenate to selenite) to improve

treatment efficiency.

Implementability: High. Implementable for most Site COCs/COECs.

Cost: Moderate capital, high O&M.
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Site-Specific Considerations: Because selenium in surface water at the Site is selenate, it may

be necessary to electrochemically reduce the influent surface water to produce selenite for

improved selenium removal efficiency in the chemical precipitation process.

Potentially Applicable Areas: All areas where surface water is collected and requires

treatment for disposal.

Decision Rationale: Not retained as a standalone treatment because it would not by itself

reduce COC concentrations sufficiently. However, oxidation/reduction is retained as a
treatment step (component) because it may be necessary to reduce selenate to selenite in
influent surface water for improved selenium removal efficiency in the chemical

precipitation process.

Retained?: Yes — in conjunction with other treatment technology

B.3.6.3 Thermal
e Thermal Evaporation/Distillation. Thermal evaporation/distillation is a very effective
treatment technology, but also has very high capital and O&M costs compared to other
effective treatment technologies. In addition, it may require construction of equalization
basins to store water prior to treatment. Therefore, evaporation has been eliminated from
further consideration. Evaluation of this option against the three screening criteria and

additional Site considerations is presented below.

Effectiveness: High. Thermal evaporation/distillation technology is highly effective for
separating dissolved metals and inorganics from the process stream, essentially producing

distilled water.

Implementability: Moderate. Implementation of this technology for large quantities of
collected surface water would likely require construction of an equalization pond for water

storage.

Cost: Very high capital, high O&M.

Site-Specific Considerations: The technology is best suited to lower flows, and may not be
suited to treatment during the spring runoff unless an equalization basin is used to store
water prior to treatment. For thermal evaporation/distillation, the concentrations of all ions

in the Site groundwater would be reduced.
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Potentially Applicable Areas: All areas where surface water is collected and requires

treatment for disposal.

Decision Rationale: Thermal evaporation/distillation is not retained due to very high capital

and O&M costs compared to other equally effective technologies.
Retained?: No.

B.3.6.4 Biological

Ex-situ biological treatment involves the transformation, degradation or fixation of contaminants by
microorganism activity in a constructed treatment cell or cells. The most common form of
biological treatment for metals and some non-metals, like selenium, is biological reduction using
anaerobic bacteria resulting in precipitation or sorption of the COC/COEC. This may be

conducted in an anaerobic wetlands, a pond, or a bioreactor, as examples.

Bioreactor treatment can range from simple field systems to more complex treatment plants. P4
tested a bioreactor system for the treatment of dump seep water at the Site with favorable results for
selenium, arsenic, cadmium and several other metals that would be a concern if the discharge was
routed to surface water (P4, 2011). The system test consistently produced effluent that had selenium
concentrations below the groundwater MCL (0.05 mg/L), but would need modifications to

consistently meet the surface water discharge standard limit of 0.005 mg/L.

The bioreactor system consists of a surface water collection system, cells or tanks filled with reaction
media/substrate, a nutrient feed system, and a discharge system. The complexity of biological
treatment systems ranges from anaerobic/aerobic wetlands or the P4 pilot bioreactor to
sophisticated biomechanical processes (often proprietary) with rotating media, fluidized beds, and
other enhancements. Evaluation of the biological option against the three screening criteria and

additional Site considerations is presented below.

Effectiveness: High. Biological treatment is effective for reducing concentrations of arsenic,
selenium and cadmium, as demonstrated in the P4 pilot test. Treating water from surface
sources presents challenges because the flow, temperature, and water quality can have significant
seasonal variability. To improve winter operation temperature, control in a building could be
necessary. System effectiveness can be less reliable (more prone to upsets) in comparison to

non-biological processes (i.e., chemical precipitation).
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Implementability: High. This technology is implementable as demonstrated by the P4 pilot

testing. The system would have to be scaled up for treating all surface water sources. A surge
pond or ponds would probably have to be constructed to manage storm events and snowmelt

runoff.

Cost: Low to moderate capital depending on flow rate and moderate O&M. O&M costs

include periodic replacement of bioreactor media and nutrient addition.

Site-Specific Considerations: Winter temperatures can reduce treatment efficiency.

Potentially Applicable Areas: All areas where surface water is collected and requires treatment

for disposal.

Decision Rationale: Ex-situ biological treatment is retained because the technology was

demonstrated at the Ballard Site for lower flows.

Retained?: Yes.

B.3.7 In-Situ Treatment

Most in-situ treatment technologies are not applicable to surface water and were eliminated in

Section 4.3.4.6. Only biological treatment was retained.

B.3.7.1 Biological

In-situ biological treatment would consist of an option such as treatment wetlands (opposed to
wetlands for containment discussed in Section A.3.4.2). The wetlands would be configured to
contain anaerobic and aerobic components. For the treatment of seep or spring discharge, the
wetlands can be configured directly atop of the discharge so that the water flows have minimal
exposure to air, which increases the effectiveness of anaerobic functions. For runoff and storm
water, the wetlands would have to be fed from a retention pond capable of storing the seasonal
flow, then fed into the wetlands at a regulated rate. All of the COCs/COECs can sorb or precipitate
in the anaerobic section of the wetlands. The aerobic portion of the wetlands would aerate the
water, and the plant community can effect some additional polishing of the water. The wetlands
system primarily functions in natural subsurface (anaerobic) environment and has some winter
durability. The biological processes in the wetlands systems are less active and regulated compared
to the more mechanical ex-situ system discussed in the previous section. The system can be more

adaptable, but also less reliable than chemical/mechanical based systems. Evaluation of the in-situ
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biological option against the three screening criteria and additional Site considerations is presented

below.

Effectiveness: Moderate, for seep and spring treatment. Effectiveness has not been
demonstrated for Site surface waters. However, wetlands treatment is recognized to be effective
for the Site COCs/COECs. A biological anaerobic/aerobic wetlands system is best suited to
seep or spring discharge. However, naturally based treatment systems have some inherent
reliability issues. Therefore, for treatment of seep and spring discharge, the technology is
considered to have moderate effectiveness. For runoff and storm water, the effectiveness is

lower and is unlikely to be used for this application.

Implementability: High. Wetlands are easily constructed.

Cost: Low to moderate capital depending on flow rate with low O&M.

Site-Specific Considerations: Winter temperatures can reduce treatment efficiency. Adding

wetlands may be considered an ecological enhancement to the Site.

Potentially Applicable Areas: Site seeps and springs.

Decision Rationale: In-situ biological treatment is retained because a passive treatment

technology could be suitable for residual seep and spring treatment following source controls

(e.g., waste rock capping).

Retained?: Yes.

B.4 TECHNOLOGY SCREENING FOR SEDIMENT/RIPARIAN SOIL

In this section, the retained technologies and process options that were preliminarily screened in
Section 4.4 are further screened against the effectiveness, implementability, and cost criteria. The
rationale for retaining or eliminating each technology is presented below and summarized in Table

5-3.

B.4.1 No-Action

The No-Action option is always carried forward as a baseline case in the FS process and is required
by the NCP, as discussed in the EPA RI/FS Guidance. Evaluation of this option against the three

screening criteria and additional site considerations is presented below.

Appendix B May 2016
Ballard Mine Feasibility Study Memo #1 Page B-30



Effectiveness: Low. The No-Action alternative is not effective for constituents that drive

unacceptable risk or exceed the TBC ARARs.

Implementability: High. The No-Action alternative is easy to implement.

Cost: Low (no additional) capital costs, no O&M costs.

Site-Specific Considerations. The No-Action alternative is not appropriate in the Site drainages

where there are unacceptable risks.

Potentially Applicable Areas: The No-Action alternative is only applicable to areas of the Site that
meet RAOs.

Decision Rationale: Evaluation of the No-Action alternative is required by the NCP as a point of

comparison with other alternatives.

Retained?: Yes. Although the No-Action alternative does not reduce risks or meet chemical-
specific TBC ARARs in the Site sediment/riparian soil, it is retained as point of compatison as

required by the NCP.

B4.2 Limited Action Response

The Limited Action Responses applicable to the Site sediment/riparian soil in the intermittent

drainages include ICs and MNR.

B.4.2.1 Institutional Controls

Institutional Controls assist in achieving RAOs by: 1) limiting land or resource use/access, and 2)
providing information that helps modify or guide human behavior at locations and in areas where
COC concentrations prevent unlimited use and unrestricted exposure. ICs also are used to prevent
exposures during the period between when an active remedy is implemented and the cleanup levels
are achieved. The ICs that are applicable to the impacted intermittent drainages at the Ballard Site

include proprietary controls and fencing.

e Proprietary Controls. Deed restrictions such as easements and restrictive covenants are the
most applicable type of non-engineered ICs to restrict certain activities because much of the
property that includes the impacted intermittent drainages is privately owned (see Drawing 1-2).
The deed restrictions would include restrictions on the harvesting of culturally significant plants
in the impacted drainages, and/or restrictions on activities that would disturb an active remedy

such as sediment traps/basins.
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Effectiveness: Moderate. Deed restrictions would potentially be effective in preventing humans
from hatvesting culturally significant plants, and/or preventing activities that would disturb an
active remedy such as sediment traps/basins. However, deed restrictions may be difficult to
enforce, do not prevent exposure or minimize risks to ecological receptors, and do not reduce

the toxicity, mobility, or volume of the COCs.

Implementability: High. Deed restrictions are relatively easy to implement, but would require

the cooperation of the private landowners.

Cost: Low capital; Low O&M. Costs include planning, legal support, and 5-year-review

documentation.

Site-Specific Considerations. There are no Site-specific considerations that would inhibit

establishing proprietary controls other than obtaining the cooperation of the private landowners.

Potentially Applicable Areas: Deed restrictions could be applicable to the entire reach of the

impacted intermittent drainages.

Decision Rationale: Deed restrictions are retained because they may be the most feasible option

to reduce human health risks along the entire reach of the impacted intermittent drainages, and

because some form of ICs likely will be a component of the assembled remedy.

Retained?: Yes.

e Fencing. Fencing can be erected as an engineered control to prevent human and large-animal
access to areas that have unacceptable risks. By limiting access to specific areas, fencing
contributes to a reduction of risk by reducing the potential for exposure through direct contact
with COCs/COECs. However, it does not reduce the toxicity, mobility, ot volume of the

COCs/COECs.

Effectiveness: Moderate. Fencing is a land use control that potentially would be effective in
preventing humans from harvesting culturally significant plants, and/or preventing activities that
would disturb an active remedy such as sediment traps/basins. Although fencing may prevent
access to large animals like elk or deer, it will not prevent access to smaller burrowing animals,
birds, or aquatic species. Fencing does not reduce the toxicity, mobility, or volume of the

COCs/COECs.
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Implementability: High. Design and construction of perimeter fencing would be easy to

implement.

Cost: Low capital; Low O&M. Costs include design, construction, petiodic inspections/O&M,

and 5-year-review documentation.

Site-Specific Considerations. Site-specific considerations for constructing a fence include
obtaining the cooperation of the affected private landowners, and the perceived aesthetic

impacts of a fence.

Potentially Applicable Areas: Fencing could be applicable to the entire reach of the impacted

intermittent drainages.

Decision Rationale: Fencing is retained because it may be a feasible option to reduce human

health risks in the intermittent drainages, and could be a component of the assembled remedy.

Retained?: Yes.

B.4.2.2 Monitored Natural Recovery

MNR is an EPA-recognized limited action response or remedy for contaminated sediment that
typically uses ongoing, naturally occurring processes to contain, destroy, or reduce the bioavailability
or toxicity of contaminants in sediment (EPA, 2005). MNR also is being considered in this FS as a
remedy for the riparian soil in the intermittent drainages for the reasons discussed in Section 4.4
(e.g., media is adjacent and contiguous, similar COCs/COZECs, similar risks to culturally significant
plants). In addition, MNR (as well as the other sediment technologies) rely on source controls for

the upland soil and waste rock to remove the source of upstream loading of contaminants.

These processes may include physical, biological, and chemical mechanisms that act together to
reduce the risk posed by the contaminants. Depending on the contaminants and the environment,

this risk reduction may occur in a number of different ways including:

e Contaminant is converted to a less toxic form through transformation processes, such as

biodegradation or abiotic transformations.

e Contaminant mobility and bioavailability are reduced through sorption or other processes

binding contaminants to the sediment matrix.

e Exposure levels are reduced by a decrease in contaminant concentrations in the near-surface

sediment zone through burial or mixing-in-place with cleaner sediment.
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e Exposure levels are reduced by a decrease in contaminant concentrations in the near-surface
sediment zone through dispersion of particle-bound contaminants or diffusive or advective

transport of contaminants to the water column.

MNR is similar in some ways to the MNA remedy used for groundwater. The key difference
between MNA for groundwater and MNR for sediment is in the type of processes most often being
relied upon to reduce risk. Transformation of contaminants is usually the major attenuating process
for contaminated groundwater, and these processes are frequently too slow for the persistent
COCs/COECs in sediment/ripatian soil (e.g., metals) to provide for remediation in a reasonable
time frame. In the case of MNR, isolation and mixing of contaminants through natural

sedimentation is the most frequently relied upon recovery process.

Natural processes that reduce toxicity through transformation or reduce bioavailability through
increased sorption are usually preferable as a basis for remedy selection to mechanisms that reduce
exposure through natural butial or mixing-in-place because the destructive/sorptive mechanisms
generally have a higher degree of permanence. However, many contaminants that remain in
sediment are not easily transformed or destroyed. For this reason, risk reduction due to natural
burial through sedimentation is more common and can be an acceptable sediment management
option. However, natural burial is more applicable to depositional environments such as lagoons as
opposed to the intermittent stream channels at the Site that are prone to episodic flows that act to
both erode and deposit sediments. Moreover, while natural burial may reduce contaminant uptake
to aquatic organisms and plants, it may not prevent contaminant uptake to other culturally

significant plants that have deeper root systems.

EPA considers dispersion to be the least preferable basis for remedy selection based on MNR
because it may result in unacceptable risks to downstream areas or other receiving water bodies
(EPA, 2005). However, when coupled with source control in the Site’s upland soil, the dispersion
mechanism may be considered acceptable, patticulatly because COC/COEC concentrations in the
Blackfoot River (i.e., the receiving water body) are generally low in the current (pre-remedial action)

Site configuration where up-gradient soutrces of COCs/COECs ate not controlled.

Effectiveness: High. Following source control in the upland soil/waste rock, MNR would
effectively reduce COC/COEC concentrations in the intermittent drainages that lead away from

the mined area given sufficient time for the natural recovery processes to occur.
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Implementability: High. MNR is non-invasive and relatively easy to implement, but would need

long-term ICs to make it viable.

Cost: Low capital; Low O&M. Implementability costs are low and include some type of long-

term monitoring, data interpretation, and reporting (typically at the CERCLA 5-year review).
The additional costs related to Site characterization and modeling, if necessary, could raise the

costs for MNR to moderate.

Site-Specific Considerations: Limited Site-specific data are available to understand the dominant

MNR processes (e.g., rates of sedimentation and erosion), and to establish a remedial timeframe.

Potentially Applicable Areas: MNR could be applicable to the entire reach of the impacted

intermittent drainages. Alternatively, MNR could be paired with other remedial technologies
where an active technology (e.g., removal and on-Site disposal) is implemented in the more
highly contaminated reaches near the waste rock piles and MNR is implemented in the lesser-

contaminated lower reaches of the intermittent drainages.

Decision Rationale: MNR may be a feasible option to reduce both human health and ecological
risks with no man-made physical disruption in the intermittent drainages; and could be a
component of the selected Site remedy. Because the majority of the Site drainages are under P4
control and will be for the foreseeable future, human exposures to these areas are limited, and

both human and ecological risks could be mitigated over time by MNR processes.

Retained?: Yes.

B.4.3 Removal and On-Site Disposal

B.4.3.1 Removal and On-Site Disposal

Contaminated sediment/ripatian soil (and all associated vegetation) would be removed (excavated)
and consolidated with the upland soil/waste rock; and subsequently remediated along with the
upland soil/waste rock. The stream channels would be restored by re-contouring and re-vegetating
the excavated areas. Best management practices would be employed during the excavation and

stream restoration activities to:
e Restore stream geometry, vegetation, and habitat

e Minimize sediment mobilization
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e Control erosion and sediment mobilization
e Stabilize and rehabilitate riparian areas

e Avoid contaminant spills (e.g., excavation equipment fuel and hydraulic fluids)

Effectiveness: High. The risk to sediment/riparian soil with COC/COEC concentrations in
excess of the cleanup levels would be eliminated once the material was excavated. Any

contaminated vegetation also would be removed.

Implementability: Moderate to high. Implementation is relatively straightforward using

conventional excavation equipment. Excavated materials would be consolidated and remediated
concurrently with the upland soil/waste rock. Industry-standard sampling techniques would be
used to verify that cleanup levels are achieved. However, the extent of elevated COCs/COECs
in the riparian soil/sediments above the cleanup level is not known and as a result,
overexcavation could cause a substantial change in the channel geometry which would make

implementation more challenging.

Cost: Moderate to high capital; Low O&M.

Site-Specific Considerations: Site terrain is conducive to using conventional excavation

equipment. Excavation activities should be conducted during the dry season to minimize impact
to waterways, downstream sedimentation, and water quality. Where warranted, temporary
stream diversions would be appropriate to minimize these impacts. Also, consolidating the
excavated sediment/riparian soil with the upland soil/waste rock could be combined during the
remedial action, and would add relatively insignificant volume to the upland soil/waste rock that
requires remediation. However, it should be recognized that concentrations of COCs/COECs
in the sediment/ripatian soil are highest neat the mining disturbed areas (i.e., the source areas)
and decrease rapidly with distance away from the source. As a result, excavation as a remedial
option likely would be limited to the more highly contaminated areas of the intermittent
drainages near the mine site coupled with other non-invasive alternatives in the less

contaminated downstream reaches.

Potentially Applicable Areas: Removal and on-Site disposal likely only would be considered for

the most contaminated areas near the mine waste rock piles; and this material would be

consolidated with the upland soil/waste rock during remediation.
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Decision Rationale: Removal and on-Site disposal of contaminated sediment and riparian soil is

retained for the most contaminated areas near the mine waste rock piles because it could be
relatively easy to implement and would meet the RAOs assuming source controls are

implemented in the upland soil/waste rock.
Retained?: Yes.

B.4.3.2 Sediment Traps/Basins

Sediment traps/basins are small impoundments constructed in the intermittent drainages that cause
the flow to slow significantly, which allows a portion of the entrained sediment to settle out. The
traps/basins are formed by excavating an area or by placing an earthen embankment across a low
area or drainage swale. An outlet or spillway is often constructed using large stones or aggregate to
slow the release of runoff (USEPA, 1992). Sediment traps typically are installed when the drainage
area is 5 acres or less. For larger drainage areas, sediment basins would be required. Periodic
inspection would be required during the rainy season and after large rainfall events. The
accumulated sediment must be removed, typically before the volume has reached one-third of the

original trap volume.

Sediment traps/basins can be used as a standalone technology or in conjunction with other
technologies. For example, sediment traps/basins may be used in conjunction with conventional
excavation to protect receiving streams from potentially impacted sediments that are mobilized by
the excavation activities. Sediment traps/basins also may be combined in an alternative that
includes MNR to capture potentially impacted sediments while natural recovery processes are
occurring. Sediment traps/basins on their own would not reduce exposures to contaminated

sediments upstream of the traps/basins; and therefore would need to be coupled with ICs.

Effectiveness: Moderate. Sediment traps/basins installed in the intermittent drainages would
act to capture a portion of the contaminated sediments and prevent them from migrating
downstream from the trap/basin. As discussed above, the traps/basins would require periodic
inspection and maintenance to remove and propetly dispose of the captured contaminated
sediments. Sediment traps/basins rely on natural erosional processes to transport contaminated
sediments from areas upstream of the trap/basin to the trap/basin where they can be captured.
Therefore, the timeframe for sediment traps/basins to effectively reduce the volume of
contaminated sediments is dependent on the natural erosional processes, which can occur slowly
over relatively long periods and would likely be episodic in the intermittent drainages at the Site
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(e.g., during spring runoff or heavy rainfall). Sediment traps/basins would be most effective if
coupled with soutce controls in the upland soil/waste rock, but also could be effective in

preventing downstream migration of contaminated sediments in lieu of source controls.

The effectiveness of the sediment traps/basins also depends on the efficiency of the trap/basin
itself. Sediment trap/basin efficiency is a function of the particle size, the surface area of the
trap/basin, and the peak inflow rate (Smolen et al., 1988). Sediment traps/basins only remove
large and medium sized particles. The average sediment traps/basins have an average total

suspended solids removal rate of 60 percent (USEPA, 1993).

Implementability: High. Sediment traps/basins are easily implemented at the Site. The
sediment traps/basins would require periodic maintenance to clear and dispose of the
accumulated sediment to operate effectively. These likely would be most useful where there are

clearly defined swales in the intermittent streams.

Cost: Low capital; Low O&M. Capital costs would be low to install these relatively small basins.

O&M costs would be low to moderate depending on the seasonal flows through individual Site

drainages and for permitting and operation of an on-Site disposal area.

Site-Specific Considerations: The relatively small size of the intermittent drainages (both stream

flows and channel widths) is conducive to the construction, operation, and maintenance of
sediment traps/basins. Sediment traps/basins would need to be coupled with ICs to prevent
human exposutes to contaminated sediment/riparian soil (and the affected culturally significant
plants) within and upstream of the traps/basins. The long-term cost and complexity of
operating an on-Site disposal facility for sediments removed from the traps could compromise
the relative ease of implementation. It would be necessary to operate this disposal facility until

the concentrations of the COCs/COECs in the sediments meet the cleanup levels.

Potentially Applicable Areas: Sediment traps/basins could be applicable to the entire reach of

the impacted intermittent drainages. Alternately, sediment traps/basins could be located in the

more highly contaminated upper reaches of the drainages to help accelerate MNR processes.

Decision Rationale: Sediment traps/basins ate retained as a technology because they could

speed achievement of the RAOs, particularly if coupled with other technologies (e.g., MNR
and/or ICs).

Retained?: Yes.
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B.4.4 In-Situ/Ex-Situ Treatment

The sole sediment/ripatian soil treatment technology retained following the initial screening

discussed in Section 4.4.4.4 is solidification/stabilization (S/S):

e Solidification refers to processes that encapsulate a waste to form a solid material and/or
coat the waste with low-permeability materials to restrict contaminant migration by
decreasing the surface area exposed to leaching. Solidification can be accomplished by
mechanical processes or by a chemical reaction between a waste and binding (soliditying)

reagents, such as cement, kiln dust, or lime/fly ash (USEPA, 2000).

e Stabilization refers to processes that involve chemical reactions that reduce the leachability
of a waste. Stabilization chemically immobilizes hazardous materials or reduces their
solubility through a chemical reaction. This process may or may not change the physical

nature of the waste (USEPA, 2000).

S/S technologies may not be effective for some forms of metal contamination and pilot or
treatability studies likely would be necessary to determine the most effective binders and stabilizers
for the Site COCs/COECs. Due to the extensive list of constituents, it may be difficult to identify

binders and stabilizers that can effectively immobilize them all.

S/S can be performed either in- or ex-situ. In-situ S/S is performed by mixing binders and
stabilizers into the sediment/riparian soil with a disc plow or rotary mixer. Ex-situ S/S requires
excavation of the contaminated sediment/riparian soil prior to mixing binders and stabilizers in a
pug mill or drum mixer. The materials that are treated ex-situ are either replaced or disposed of off
Site. However, off-Site disposal is not retained as a disposal option for contaminated or treated
sediment/riparian soil because these materials can be easily consolidated and remediated along with
the upland soil/waste rock at the Site. Both in-situ or ex-situ S/S would require a pilot-scale field
study to determine the best application method, mixing technique, and the most effective binders
and stabilizers. Both in-situ or ex-situ S/S would require some form of stream restoration to

revegetate disturbed areas.

Effectiveness: Moderate. Pending positive results of a treatability study to determine the most
effective binders and stabilizers for the list of COCs/COZECs requiring treatment, S/S may be
effective for reducing long-term on-site risks by immobilizing the COCs/COECs thereby
reducing leachability and bioavailability of COCs/COECs in sediment/tipatian soil.
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In-Situ Implementability: Moderate. In-situ mixing of the amendments with the contaminated
soil and sediment can be achieved using in-place mixing with a disc plow or rotary mixer for soil
12 to 24 inches below ground surface. It is more difficult for in-situ S/S to achieve complete

mixing to treat the contaminated soil in-place when compared to ex-situ S/S.

In the areas containing large cobbles, boulders, or debris, implementation would be more
difficult as these materials may interfere with the efficiency of the subsurface mixing.

Depending on the amount of cobbles, boulders, and debris, implementation would be more
costly since as removal of these materials would be required prior to in-situ S/S. In these limited

areas, screening of materials followed by ex-situ S/S may be more effective.

In areas submerged or saturated with water, in-situ S/S may not be practical. However, if
implementation was completed in late summer or fall when the intermittent streams were dry, a
large portion of the impacted sediment/riparian soil could be treated by this method.
Temporary diversion of flowing reaches is a technique commonly used to enable the

implementation of in-situ S/S in submerged areas.

Ex-Situ Implementability: High. Ex-situ S/S can be easily applied to excavated

sediment/riparian soil because methods ate available to provide the vigorous mixing needed to
combine the amendments with the contaminated media. Pre-treatment, screening and crushing,
will be required prior to treatment for any areas where cobbles, boulders, and debris are present.
Ex-situ S/S is generally more invasive and destructive to the ripatian corridors and resident
wildlife than in-situ S/S, and is more costly and energy intensive. Moreover, ex-situ S/S requires
a portion of the site be used to implement the technology, including staging areas for treatment
equipment and sediment/soil stockpiles. Ex-situ S/S also requites handling and disposal or

replacement of the treated materials.

In-Situ Cost: High capital, low O&M. Less labor and energy intensive than ex-situ S/S since
excavation, transport, and disposal/re-application of the treated material ate not required. O&M

requirements are limited to stream restoration to revegetate disturbed areas.

Ex-Situ Cost: Very high capital, low O&M. Ex-situ S/S is more labor and energy intensive than
in-situ §/S due to excavation, transport, and disposal/teplacement of the treated matetial.

O&M requirements are limited to stream restoration to revegetate disturbed areas.
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Site-Specific Considerations: Site terrain and natute of the sediment/riparian soil likely is

conducive to both in-situ and ex-situ S/S. In-situ or excavation activities should be conducted
during the dry season to minimize impact to waterways, downstream sedimentation, and water
quality. Where warranted, temporary stream diversions would be more appropriate to minimize

these impacts.

S/S is typically used to treat highly contaminated soil and/or to reduce the leachability of

characteristically hazardous waste. COC/COEC concentrations in the Site sediment/riparian
soil are relatively low compared with other sites where S/S has been used (USEPA, 2000 and
2009). Therefore, S/S likely is not a cost effective remedial strategy considering the relatively
low COC/COEC concentrations in the sediment/ripatian soil in the intermittent drainages at

the Site.

Potentially Applicable Areas: In-Situ or ex-situ S/S likely only would be considered for the most

contaminated areas near the mine waste rock piles.

Decision Rationale: S/S is an established and effective active remediation technology for

contaminated sediment/soil. However, this technology is not retained because it does not

provide any advantages over the removal/on-Site disposal technology. Specifically:

e S/S would not be more effective than removal/on-Site disposal in meeting the

RAOs.

e S/S would require a treatability study and pilot test prior to implementation, whereas

removal/on-Site disposal would not.

e The advantages of in-Situ S/S may be lost if boulders or debtis is encountered,

which would require additional handling (e.g., ex-Situ S/S or disposal).

e Ex-situ S/S includes a treatment step that may not be required if the excavated soils
are ultimately consolidated with the upland soil/waste rock (i.e., the consolidated

materials may not require treatment if they are capped or covered).

e S/Slikely is not a cost effective remedial strategy considering the relatively low
COC/COEC concentrations in the sediment/riparian soil in the intermittent

drainages at the Site.

Retained?: No.
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B.5 TECHNOLOGY SCREENING FOR GROUNDWATER

In this section, the retained technologies and process options that were preliminarily screened in
Section 4.5 are further screened against the effectiveness, implementability, and cost criteria. The

rationale for retaining or eliminating each technology is presented below and summarized in

Table 5-4.

B.5.1 No-Action

The No-Action option is always carried forward as a baseline case in the IS process and is required
by the NCP, as discussed in the EPA RI/FS Guidance. Evaluation of this option against the three

screening criteria and additional Site considerations is presented below.

Effectiveness: Low. The No-Action alternative is not effective for constituents that drive

unacceptable risk or exceed chemical-specific ARARs.

Implementability: High. The No-Action alternative is easy to implement.

Cost: Low (no additional) capital costs, no O&M costs.

Site-Specific Considerations. The No-Action alternative is not appropriate where COCs

concentrations exceed the groundwater ARARs.

Potentially Applicable Areas: The No-Action alternative is only applicable to areas of the
Ballard Site that meet the RAOs.

Decision Rationale: Always retained in IS as a base case and may be used in areas that pose
no risk. For groundwater, No Action would result in continued plume migration toward the
Blackfoot River in the southwest portion of the Site. Alluvial plumes in other areas of the
Site are not reaching surface water, and could be static because of natural attenuation.
Future exposure due to small scale groundwater extraction could still occur. However,
groundwater extraction of contaminated groundwater from this unit in the vicinity of the

Site for beneficial use is unlikely, and not currently occurring.

Retained?: Yes. Although the No-Action alternative does not reduce risks or meet
chemical-specific ARARs in the Site groundwater, it is retained as point of comparison as

required by the NCP.
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B.5.2 Limited Action Response

Limited action responses applicable to the Site groundwater include ICs to limit groundwater use

and monitored natural attenuation (MNA).

B.5.2.1 Institutional Controls

Institutional Controls assist in achieving RAOs by: 1) limiting land or resource use/access, and 2)
providing information that helps modify or guide human behavior at locations and in areas where
COC concentrations prevent unlimited use and unrestricted exposure. ICs also are used to prevent
exposures during the period between when an active remedy is implemented and the cleanup levels
are achieved. The ICs that are applicable to the impacted groundwater at the Ballard Site include

governmental and proprietary controls to restrict groundwater use.

Effectiveness: Moderate. ICs would potentially be effective in preventing groundwater
extraction and use (e.g., consumption, irrigation). Would potentially limit exposure to

groundwater COCs, but would not restrict COC migration to the Blackfoot River.

Implementability: High. ICs to prevent groundwater use can be readily implemented on P4-

owned portions of the Site (i.e., on much of the eastern half of the Site). On the western
side of the Site (State and other private ownership) and affected areas east of the P4

property, ICs would require the cooperation of the landowners.

Cost: Low. Costs include planning, legal support, and 5-year-review documentation.

Site-Specific Considerations. There are no site-specific considerations that would inhibit

establishing ICs other than obtaining the cooperation of the landowners.

Potentially Applicable Areas: ICs could be applicable to all the areas where COC

concentrations in groundwater exceed the ARARs.

Decision Rationale: ICs are retained because they may be the most feasible option to reduce

human health risks posed by groundwater, and because some form of 1Cs likely will be a

component of the assembled remedy.
Retained?: Yes.

B.5.2.2  Monitored Natural Attenuation
MNA is an EPA-recognized limited action response that relies on natural attenuation processes to

meet the remediation goals for a Site. In the case of the inorganic COCs at the Site, the dominant
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attenuation process would be sorption to the aquifer matrix. USEPA presents the rationale and
requirements for characterization and implementation in USEPA (1999, 2007a, and 2007b). In
order for MNA to meet remediation goals in a realistic timeframe, source control needs to be a key
component of the overall remedy. Moreover, long-term performance monitoring is a fundamental
component of MNA in order to evaluate the natural attenuation processes and progress in meeting
the objectives. MNA would require ICs to restrict groundwater use until ARARs are achieved, and
more active remedies may be used in critical and high concentration portions of a groundwater
plume (e.g., reactive barrier near a potential receptor). However, as a component of the overall Site

remedy, MNA has the following advantages (USEPA, 1999):
e Contaminants remain in-situ reducing potential exposures
e The remedy is passive generating no secondary waste such as ex situ water treatment
e Can be broadly applied to groundwater plume across the Site
e Low surface disturbance, permitting and staffing requirement compared to active remedies

e J.ow cost

In some situations active treatment of the whole plume may be technically difficult or even
impracticable. In such cases, MNA may provide an alternative method for achieving Site

remediation.
The potential disadvantages include:
e Relatively long cleanup timeframes
e Additional site characterization may be required to support MNA
e [Expanded Site monitoring program (extent and duration)
e Cross media transfer of COCs — sorption to the aquifer matrix
e Public acceptance of MNA may need expanded explanation and education

e May require a contingency or backup remedial plan

Key considerations regarding the suitability of MNA as a remedy include:
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e Whether the contaminants are likely to be effectively addressed by natural attenuation

processes
e The stability of the groundwater contaminant plume and its potential for migration

e The potential for unacceptable risks to human health or environmental resources by the
contamination (considering potential use of contaminated groundwater, e.g., domestic

supply or agricultural)

MNA should not be used where the remedy would result in either plume migration or impacts to
environmental resources that would be unacceptable to the A/Ts. Therefore, MNA may be an
appropriate candidate for a remedy if the contaminant plumes are no longer increasing in extent, or
are shrinking (USEPA, 1999). These conditions are more likely met if source controls have been

implemented.

Evaluation of this potential technology against the three screening criteria and additional Site

considerations is presented below.

Effectiveness: Moderate. MNA effectiveness is based on Site-specific attenuation factors in
the aquifer, some of which are not currently defined. Effectiveness also will be dependent
upon the effectiveness of other remedies used in conjunction with MNA, such as the source
controls. Plume migration at the Site is slow and in some cases near stagnant or stagnant
(i.e., NW and NE areas), suggesting MNA would be effective in portions or all of the Site.
The slow expansion of the plumes, and relatively static COC concentrations in monitoring

wells, may indicate plume growth is already static due to attenuation processes.

Implementability: High. MNA is non-invasive and relatively easy to implement, but would
need source controls and long-term ICs to make it viable. Implementation is dependent
upon characterization and a technical assessment of practicability. In may require

installation of additional monitoring wells to optimize monitoring well network.

Cost: Moderate capital, low O&M. (Capital cost include additional characterization and

probable monitoring well installation.)

Site-Specific Considerations. Limited Site-specific data are available to understand the

dominant MNA processes (e.g., sorption), and to establish a remedial timeframe.
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Potentially Applicable Areas: MNA is potential applicable is all areas of groundwater

contamination at the Site.

Decision Rationale: The natural attenuation effectiveness evaluation is dependent upon

some additional data collection and evaluation (per USEPA, 2007a&b). However, given Site
conditions, MNA should be considered a viable technology for portions of or whole

groundwater COC plumes at the Site pending further evaluation.

Retained?: Yes.

B.5.3 Source Controls

Source controls are an effective way for reducing migration of COCs from source areas to
groundwater by removing or containing the source of groundwater contamination. Source controls
can include treatment of source areas through containment (capping), in-situ treatment and/or
removal and ex-situ treatment. The technologies associated with source controls are discussed as

part of the remedial technologies for upland soil/waste rock.

Effectiveness: The effectiveness of the remedial options discussed in Section B.2 that would
result in source controls (i.e., cover systems, removal and on-Site disposal) are generally high.
Effective source controls would reduce or eliminate COC migration to groundwater.
However, source controls would not address COCs already in the vadose zone or

groundwater. For these COCs, a separate remedy such as MNA may be required.

Implementability: Moderate to high. See Table 5.1.

Cost: Low to high capital, low to moderate O&M. See Table 5.1.

Site-Specific Considerations. See Section B.2.

Potentially Applicable Areas: See Section B.2.

Decision Rationale: Source controls in the upland soil/waste rock are likely to be a critical

component of an overall groundwater remedy.

Retained?: Yes.
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B.5.4 Containment

B.5.4.1 Vertical Barriers

Hydraulic barriers are formed through the addition or withdrawal of groundwater from the target
aquifer or construction of a slurry or grout wall to limit or control groundwater movement. These
measures contain the groundwater to limit receptor exposure. In some cases, these measures also
can support groundwater extraction and treatment. Hydraulic barriers can consist of extraction
wells, extraction trenches, injection wells, cutoff (slurry or grout) walls, or a combination of these.
Injection wells and cutoff (slurry or grout) were eliminated from further consideration based on

technical implementability discussed in Section 4.5.4.3.

e Extraction Wells. Extraction wells can be an effective technology to capture groundwater
downgradient of source areas and to help prevent migration of groundwater that exceeds
remediation goals. The use of extraction wells would require treatment and disposal of the
extracted groundwater. There are two different hydrogeologic settings where extraction
wells could be used at the Site. The first of these is the shallow alluvial groundwater unit
that contains five plumes that originate from beneath the waste rock dumps. The second is
the contaminated Wells Formation beneath and near the West Ballard Pit (MMP035).
Evaluation of this option against the three screening criteria and additional Site

considerations is presented below.

Effectiveness: Can be effective for providing capture and hydraulic containment to

minimize downgradient migration of impacted groundwater.

Effectiveness in the Alluvial Unit: Moderate to high. The alluvial unit contains relatively thin

(e.g., 1 inch to 2 feet), heterogeneous, alternating beds of higher permeability sands (some
gravel) and lower permeability clay. The overall hydraulic conductivity of the alluvial unit is
on the order of 10 cm/sec, but can be highly variable. Given the aquifer characteristics,
shallow depths to groundwater, groundwater capture in the alluvial unit as a barrier could be
effective with multiple wells. However, containment on the west side of the Site likely
would require closely spaced wells along a perimeter of approximately 5,800 feet. On the
east side, the impacted perimeter is about 2,000 feet long. Extraction wells also could be
installed and operated upstream of where the southwest plume intersects the Blackfoot
River. These wells would need to be spaced along a plume transect approximately 1,600 feet
long. To be effective, extraction wells require overlapping capture zones, which may be
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difficult to achieve in the variable and discontinuous bedding associated with the

depositional setting of the alluvial unit.

Effectiveness in the Wells Formation: Low to moderate. The Wells Formation contains

multiple relatively thick (5 to >20 feet) beds of sandstone that have hydraulic conductivities
on the order of 107 to 10? cm/sec. These beds can produce significant groundwater,
enough to supply industrial water for the area mines. However, the wells are deep and
difficult to design and install because of loose fine sand in the units. Recovery of
groundwater in select locations as a barrier could be effective, but due to the structurally
complex nature of the Site geology, effectiveness may be low and/or difficult to

demonstrate.

Implementability: Like effectiveness, implementability has to be considered in both

hydrogeologic settings.

Implementability in the Alluvial Unit: Moderate. Extraction wells in the alluvial unit could be

installed relatively easily using standard shallow well drilling and installation methods.
However, in the alluvial aquifer, implementing an effective barrier would require closely
spaced wells because of the low transmissivity of the unit resulting in relatively low to
moderate yields and small capture zones. A complete barrier along the waste rock perimeter
where selenium concentrations in groundwater exceed the MCL would be in excess of 7,000
feet, resulting in a large number of extraction wells and associated pumping, piping and
control systems, performance monitoring wells, and O&M. It also would require treatment
of groundwater prior to discharge or re-use. It may be more feasible to limit the extraction
well locations to areas with favorable aquifer conditions or where COC concentrations are
high (e.g., plume cores). In addition, barrier extraction wells may be favorable in areas where
other technologies, like extraction trenches, are not implementable because of the depth of

contaminated groundwater.

Implementability in the Wells Formation: Low. Extraction well installation in the Wells

Formation is possible but difficult due to the complex hydrogeology and depth to
groundwater. The wells typically would be several hundred feet deep and require special
drilling methods because of the loose fine sand. The Wells Formation aquifer is also

stratigraphically and structurally complicated, making effective well placement to install a
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barrier difficult. Locating the correct beds in the Wells Formation that contain COCs above

cleanup criteria in multiple locations would be challenging and expensive.

Cost: High capital, high O&M.

Site-Specific Considerations: As discussed above, the hydrogeology and depth to

contaminated groundwater in the alluvial unit and Wells Formation are key considerations

for the extraction well technology.

Potentially Applicable Areas: Extraction wells are applicable to all areas where the ARARs

are exceeded in the alluvial unit and Wells Formation groundwater. However, it may be
more feasible to limit the technology to areas where the hydrogeology is more conducive to

groundwater extraction and hydraulic containment.

Decision Rationale: Installing and operating extraction wells to form a complete hydraulic

barrier for all alluvial plumes would be difficult to implement, may not be effective given the
complexity of the aquifers, and would be high cost. A trench system would be a more
functional and appropriate technology for a large scale containment system (discussed
below). However, an extraction well system could be moderately effective and
implementable as a barrier for selected areas in the alluvial unit, especially where the depth to
groundwater or depth to the bottom of COC contamination may be beyond the reach of a
trench system. Groundwater extraction as a barrier in the alluvial unit is therefore retained

on a limited basis.

Although recovery of some of the contaminated Wells Formation groundwater is
implementable, the effectiveness of this technology as a barrier is low to moderate and may
be difficult to demonstrate. The cost for extraction and monitoring wells would be very
high, along with the cost of managing and treating a large volume of extracted groundwater.

As a result, the extraction well technology is rejected as a barrier in the Wells Formation.

Retained?: Yes — (for select areas in the alluvial unit); No — (in the Wells Formation)

e Extraction Trenches. Extraction trenches are typically constructed perpendicular to the
direction of plume migration. They are backfilled with a highly permeable drain material,

piping, and pumping systems to withdrawal groundwater that flows into the trench.
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Alluvial Unit Effectiveness: High. For the shallow alluvial plumes extraction trenches can be

more effective than an interceptor well system described above because of shallow depth to
groundwater, and the relatively thin bedding and low permeability of the unit. Only in areas
where contamination extends below the practical depth of trench excavation (e.g., 35 feet)
would the effectiveness be low. Effectiveness is best if the trench can be keyed into low
permeability units at the base of the trench. For the alluvial unit, it may be possible to key

the trench into low permeability clay units.

Wells Formation Effectiveness: Low. It would be difficult or impossible to install a trench

deep enough to intercept the contaminated groundwater in the Wells Formation.

Alluvial Unit Implementability: High. Implementability depends on soil conditions and

depth. Based on current Site knowledge, several locations with substantial COC
concentrations are favorable for trench recovery. For example, the east side of the Site were
bedrock is shallow (e.g., 20 feet) allowing the trench to be keyed into a lower permeability
unit, and there is an upward groundwater hydraulic gradient. The southwest side of the Site
has shallow groundwater and narrow plumes near the source and near the Blackfoot River.

Implementability along the west to northwest side of the Site is less certain.

Wells Formation Implementability: Low. A trench system for the Wells Formation is

impracticable due to the depth of contaminated groundwater.

Cost: Moderate (alluvial unit) to high (Wells Formation) capital, moderate O&M.

Site Specific Considerations. As discussed above, the depth to contaminated groundwater is

a key consideration for the extraction trench technology. The depth to contaminated
groundwater in the alluvial unit is generally within the depth that extraction trenches can
feasibly be excavated. It would be difficult or impossible to install a trench deep enough to

intercept the contaminated groundwater in the Wells Formation.

Decision Rationale: Extraction trenches could be effective for intercepting shallow alluvial

plumes. Installation could be relatively shallow and easy to implement in some areas. In
other areas, depth to groundwater may be an impediment. The trenches would need to be
coupled with treatment and disposal options. It would be difficult or impossible to install a

trench deep enough to intercept the contaminated groundwater in the Wells Formation.

Retained?: Yes - alluvial unit; No - Wells Formation.
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B.5.5 Removal and Disposal

Removal is considered the complete extraction of all contaminated groundwater and then disposal.

This is different from containment, which only restricts contaminated groundwater movement.

Different strategies for plume removal are discussed below.

B.5.5.1

Removal
Pumping. A network of pumping wells could be installed to remove groundwater that
contains elevated concentrations of COCs. This is similar to the extraction well system
described as a vertical barrier above. However, the removal option assumes that the
remedial goal includes reducing COC concentrations in groundwater to below cleanup
levels, whereas the sole remedial objective for the vertical barrier is to prevent migration of
contaminated groundwater. The network of pumping wells would require overlapping
capture zones and the time to remediate the plume would be dependent upon the number
and rate of flow toward the wells. In the alluvial unit, a removal system could consist of
lines of recovery wells traversing the plume(s) or a grid of wells. Evaluation of this option

against the three screening criteria and additional Site considerations is presented below.

Alluvial Unit Effectiveness: Moderate. An effective system for capturing and decreasing

mass of constituents in the alluvial groundwater plumes is considered possible. However,
unless a large number of pumping wells are used, the time to achieve complete plume
remediation would be relatively long, but faster than passive options (e.g., MNA). This is
based on the transmissivity of the alluvial units, observed groundwater flow velocities, and
plume sizes. Chemical mass desorbing from the aquifer matrix may also extend the cleanup

timeframe.

Wells Formation Effectiveness: Low to high. The effectiveness in the Wells Formation may
be low to high because of the complex geologic setting. Demonstrating the effectiveness
may also be difficult because of the complex hydrogeologic setting and difficult well
installation conditions. However, because the source location in the mine waste is well
known, extraction wells at that location could remove a significant mass of COCs for partial
plume recovery and hydraulic containment. Portions of the plume away from the source

area may not be recoverable because of excessive depth.
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Alluvial Unit Implementability: Moderate. Pumping wells and performance monitoring

wells could be installed using standard well drilling and installation technologies, but it would
require installation of a large number groundwater extraction wells, a large network of
pumping, piping, and control infrastructure, and associated O&M. It also would require

treatment of groundwater prior to discharge or re-use.

Wells Formation Implementability: L.ow to moderate, particularly if partial plume capture is

acceptable. Capture of a large portion of the plume may be implementable but difficult to
demonstrate because of hydrogeological complexity and depth of the unit. The wells
typically would be several hundred feet deep and require special drilling methods because of
the loose fine sand. The Wells Formation aquifer is also stratigraphically and structurally
complicated, making complete plume capture/removal difficult. However, a smaller number
of pumping wells installed in plume cores (i.e., locations with high COC concentrations near
source areas) could be moderately effective in removing the bulk of the contaminant mass in

groundwater.
Cost: High capital, high O&M.

Site-Specific Considerations: The hydrogeology and depth to contaminated groundwater in

the alluvial unit and Wells Formation are key considerations for the removal technology.

Potentially Applicable Areas: Extraction wells are applicable to all areas where the ARARs

are exceeded in the alluvial unit and Wells Formation groundwater. In the Wells Formation,

it may be more feasible to limit the technology to locations near the source area.

Decision Rationale: For the alluvial system, the technology would like have limited

effectiveness or require a long remediation timeframe with high costs including ex-situ
treatment. For plume remediation, in-situ treatment would be less expensive and have
similar effectiveness. For the Wells Formation, it is one of the only practicable technologies

for plume remediation even though the effectiveness could be low.
Retained?: No - alluvial unit; Yes - Wells Formation.

B.5.5.2 Disposal
e Recycle/Reuse. Following treatment, pumped groundwater could be used for dust
suppression and/or irrigation. This option for disposal would be beneficial, as well as cost-
effective when compared to other disposal options. However, the reuse options may not
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have the capacity for the volume of the groundwater that is recovered and treated.
Evaluation of this option against the three screening criteria and additional Site

considerations is presented below.

Effectiveness: Low. Although the treated water could be beneficially used (e.g., dust
control, irrigation) the reuse options may not have the capacity for the volume of the
groundwater that is recovered and treated. For example, the need for dust control water
may not be sufficient to consume the produced water and would only last as long as
remedial construction was occurring at the Site or possibly during mining at the neighboring
Blackfoot Bridge Mine. Crops cultivated near the Site are not currently irrigated. Itis
possible that a local farmer could be plant a crop for which the irrigated water would be
beneficial. Irrigation would only be an effective use of the groundwater during the growing

s¢ason.

Implementability: L.ow because of the lack of a long-term, year-round use.

Cost: Low capital, low O&M. Requires pumping and piping to nearby fields for irrigation.

Site-Specific Considerations. A long-term, year-round use of the treated groundwater has

not been identified.

Potentially Applicable Areas: Recycling/reuse would be applicable to all extracted

groundwater.

Decision Rationale: Demand for water for reuse at the Site or Blackfoot Bridge Mine is

likely not sufficient to consume the volume, nor is the demand for water for the Site
reclamation or Blackfoot Bridge mining likely long enough duration to match the need for
groundwater discharge. Likewise, crop irrigation is a seasonal demand and likely not

sufficient to consume the volume of produced water

Retained?: No.

e Land Application. For land application, the recovered groundwater is applied to a land
area by irrigation. The water is lost to evaporation (from sprays and on the ground) and
transpiration from plants. A small fraction will infiltrate back to groundwater. COCs often
will be fixated in the vegetation and soil so that the fraction that infiltrates back to the

groundwater has reduced COC concentrations. The concept works best in arid to semi-arid
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areas where there is a significant depth to groundwater, thus ample COC attenuation
potential. Some level of water treatment could be required to address cross media transfer of

COCs, and potential percolation of COCs back to groundwater.

Effectiveness: Low to high depending on season. Land application could be an effective
water disposal approach in the summer. Application in the winter would be hampered by
freezing of the water distribution system, and water would likely freeze on and in the ground
resulting in runoff. The pumped groundwater would have to be stored in a reservoir during
the winter or only recovered seasonally for land application at the Site to work. However,

for smaller volumes of recovered groundwater, land application could be effective.

Implementability: Low to moderate. Land application would require identification of a large

tract of land with sufficient depth to groundwater (e.g., approximately 100 feet or more).
Attenuation and cross-media transfer of COCs would have to be evaluated. An alternative

for winter disposal would have to be developed such as storage.

Cost: Low capital, moderate O&M. Requires pumping and piping to nearby area for

application. The need for a winter storage reservoir or additional water treatment and

disposal during winter would increase costs.

Site-Specific Considerations: A large tract of land with sufficient depth to groundwater may

not be available. Cross-media transfer of COCs to culturally significant plants could result in

transfer of risks. Cold weather would complicate land application in the winter.

Potentially Applicable Areas: Land application could be applicable to all groundwater that is

removed and treated.

Decision Rationale: May be a viable technology for disposal of small or seasonal volumes of

water. Likely not applicable for large volumes of recovered groundwater. In addition,
groundwater recovery rates would be relatively consistent throughout the year complicating
disposal during the cold winter months. May be more applicable for seasonal mine waste

rock seepage and runoff (addressed as surface water in Section 5.3).
Retained?: No.

e Surface Water Discharge. Pumped groundwater could be discharged to surface water

utilizing a NPDES permit. The discharge would likely be to the existing Site surface water
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channels, which discharge to the Blackfoot River, or possibly to the Blackfoot Reservoir via
pipeline. This is not an option for untreated groundwater with elevated selenium
concentrations. The main stem of Blackfoot River from the confluence of Lanes and
Diamond creeks to the Blackfoot Reservoir is a 303(d)-listed segment for selenium,
sediment, dissolved oxygen, and elevated temperature (RI Reporr — MWH, 2014). As a result,
if a NDPES permit could be issued, the permit limits are likely to be very stringent.
Discharge of treated water to the Blackfoot Reservoir could provide more flexibility with
less stringent permit limits. However, it is also noted that surface water standards for
selenium are an order of magnitude lower than the groundwater standard, so infiltration

back to groundwater is the least restrictive option.
Effectiveness: High providing an NPDES permit can be obtained.

Implementability: Low. Discharged groundwater would be a new discharge and would

require a high level of treatment in order to meet NPDES requirements and public
acceptance. Discharge to the Blackfoot Reservoir would require an approximately 10-mile-

long pipeline, involve multiple land owners, and still may have low public acceptance.

Cost: Low to moderate capital for permitting, low O&M. Would be associated with a high

treatment cost. (Note that this cost estimate does not include costs associated with treatment

of the water prior to discharge.)

Site-Specific Considerations: Most Site surface water drainages flow to the Blackfoot River.
The main stem of Blackfoot River from the confluence of Lanes and Diamond creeks to the
Blackfoot Reservoir is a 303(d)-listed segment as noted above. Obtaining NPDES permits
to drainages for a new discharge, which would add a new selenium load, could be difficult or

overtly stringent.

Potentially Applicable Areas: Could be applicable to all groundwater that is removed and

treated.

Decision Rationale: Surface water discharge is not retained due to the anticipated stringent

requirements to obtain an NPDES permit (for discharge to the Blackfoot River), and
technical issues that direct discharge to the Blackfoot Reservoir would involve (long pipeline

crossing property with varying ownership).

Retained?: No.
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e Evaporation/Infiltration Basin. Discharge to an evaporation/infiltration basin would
require some treatment of the groundwater before it is discharged. Infiltration to the alluvial
unit could be difficult unless an area with relatively high permeability is identified. A basalt,
which typically can have relatively high permeability because of fracturing, is present west of
the Site in the valley and could be an option for a basin. Infiltration to the Wells Formation
in the bottom of one of the mine pits would also be an option. Evaporation would only be
seasonally effective. Evaluation of this option against the three screening criteria and

additional site considerations is presented below.

Effectiveness: Moderate to high. Effective for disposal of treated water providing an area
with sufficient permeability can be identified for infiltration. Evaporation would only be
effective for water disposal during the warmer months. Infiltration into a permeable unit of

the Wells Formation would be highly effective, as would infiltration into the basalt unit.

Implementability: Moderate. An evaporation/infiltration basin would require pretreatment

of groundwater prior to discharge. If infiltration to the Wells Formation is considered, use
of one of the mine pits could be a readily available location (shallow injection wells could be
an option in this setting). Infiltration to the alluvial system may be possible for a small
volume of water if permeable beds can be located. For infiltration into the basalt, an

agreement with an adjacent landowner would be required.

Cost: Moderate capital, low O&M if applied on-Site. Capital cost increase if implemented
off-Site. (Note that this cost estimate does not include costs associated with treatment of the

water prior to discharge.)

Site-Specific Considerations: Disposal of pumped and treated groundwater via an infiltration

basin is dependent on identifying an area with suitable permeability. Disposal of pumped
and treated groundwater via an evaporation basis would only be feasible during the warm

summer months.

Potentially Applicable Areas: Could be applicable to all groundwater that is removed and

treated.

Decision Rationale: Implementable on-Site and could be used for reintroducing clean

groundwater into the aquifer, and has a low to moderate cost.

Retained?: Yes.
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B.5.6 Ex-Situ Treatment

A detailed description of the ex-situ treatment technologies that were retained following the initial
screening described in Section 4.5.4.5 for the groundwater COCs at the Site is provided below.
Prior to full-scale implementation, one or more of the technologies would need to be pilot-tested to
determine the effectiveness to reduce COCs to acceptable levels. Three general categories of ex-situ
treatment technologies for groundwater are evaluated below including physical, chemical, and

thermal categories and their associated process options.

B.5.6.1 Physical

e Solid/Water Separation. Separation consists of mechanical and gravity methods for bulk
removal of suspended solids from groundwater. Considering that most of the groundwater
COC s are in the dissolved phase, separation would not be sufficient as a standalone
technology, but could be incorporated as a component of a larger treatment system. For
example, a clarifier is often a component of a chemical precipitation process to gravity
separate the newly formed solid contaminants. Chemical processes such as lime softening
and coagulation both generate large volumes of solids that need to be separated from the

treated water stream.

Effectiveness: High if used in conjunction with other treatment technologies that precipitate

dissolved COCs.

Implementability: High. Readily implementable as part of an overall treatment system.

Cost: Moderate capital, moderate O&M.

Site-Specific Considerations: Separation is not sufficient as a standalone treatment

technology because most of the groundwater COCs are in the dissolved phase.

Potentially Applicable Areas: If used as a component of an overall treatment system,

separation would be applicable to all Site groundwater that requires treatment.

Decision Rationale: Rejected as standalone treatment because it would not by itself reduce

COC concentrations sufficiently, but retained for possible use in conjunction with other

treatment options.

Retained?: Yes — in conjunction with other technology
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e Filtration. Filtration is an effective technology for removing a wide size range of suspended
solids from groundwater, but would not be a sufficient standalone technology to remove the
dissolved COCs. While filtration alone would not be effective in treatment of the
groundwater, it may be potentially applicable in conjunction with other treatment
technologies, such as chemical precipitation or adsorption. Evaluation of this option against

the three screening criteria and additional Site considerations is presented below.

Effectiveness: High if used in conjunction with other treatment technologies that precipitate

dissolved COCs.

Implementability: High. Readily implementable as part of an overall treatment system.

Cost: Moderate capital, moderate O&M.

Site-Specific Considerations: Separation is not sufficient as a standalone treatment

technology because most of the groundwater COCs are in the dissolved phase.

Potentially Applicable Areas: If used as a component of an overall treatment system,

filtration would be applicable to all Site groundwater that requires treatment.

Decision Rationale: Filtration is not retained as standalone treatment because most of the

groundwater COCs are in the dissolved phase. However, filtration could be used in

conjunction with other treatment options.

Retained?: Yes — in conjunction with other technology

e Adsorption. Adsorption with AA is identified as a BAT for selenium water treatment, as is
GAC for cadmium (USBR, 20092). Adsorption would be useful when combined with other
treatment technologies for possible additional reduction of metals to meet ARARs.
Evaluation of this option against the three screening criteria and additional Site

considerations is presented below.

Effectiveness: High for select COCs. Adsorption with AA would be effective for selenium
removal from groundwater. However, pretreatment to reduce selenate (Se™) to selenite
(Se**) would be required to increase effectiveness. Adsorption to GAC is a BAT for
cadmium (USBR, 2009b). Therefore, effective removal of selenium and cadmium treatment
could occur in multiple stages. The best application of adsorption may be as a polishing

stage in other treatment trains.
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Implementability: High. Readily implementable. To address all the COCs, the treatment

train may be complex with multiple types of sorption media and upfront chemical reduction.

In addition, it will generate a hazardous waste stream.

Cost: Moderate to high capital, high O&M.

Site-Specific Considerations: The treatment train may be complex with multiple types of

sorption media and upfront chemical reduction to address all the Site COCs/COECs. For
adsorption, other ions in the influent will have an effect on treatment efficiency and will
need to be evaluated during treatability testing. The technology is adaptable to most Site

flows to be treated, but may be more applicable to lower flow rates.

Potentially Applicable Areas: All areas where groundwater is collected and requires

treatment for disposal.

Decision Rationale: Not retained as a standalone treatment because most of the other

technologies considered will likely provide the required level of treatment. However,
adsorption could be useful as a polishing step when combined with other treatment

technologies for reduction of residual, dissolved COCs to meet the ARARs (e.g., cadmium).

Retained?: No.

e Jon Exchange. While ion exchange may be applicable to treating contaminants in the Site
groundwater, a negative aspect of this technology is that it generates a brine stream from the
regeneration and rinsing of the resins. Depending on the type and form of ion exchange
resin used, the volume of the brine stream may be very small because the raw water COC
concentrations are relatively low. The brine stream may require additional treatment prior to
disposal or blending with the process effluent. Furthermore, ion exchange may be more
expensive than other equally effective and implementable ex-situ treatment options.
Evaluation of this option against the three screening criteria and additional Site

considerations is presented below.

Effectiveness: Moderate to High. Ion exchange can be effective for all of the COCs.
Different media may be required for different COCs (anionic vs. cations). Competing ions

could reduce effectiveness (e.g., selenate and sulfate).
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Implementability: High. Readily implementable, but usually results in generation of a liquid

brine waste stream.

Cost: Moderate/high capital, moderate to high O&M.

Site-Specific Considerations: The elevated concentrations of arsenic, selenium, and

cadmium in the Site groundwater is the primary consideration. The technology is adaptable
to most Site flow rates to be treated, but may be more applicable to lower flow rates. For
ion exchange, other ions in the influent will have an effect on treatment efficiency and will

need to be evaluated during treatability testing.

Potentially Applicable Areas: All areas where groundwater is collected and requires

treatment for disposal.

Decision Rationale: Ion exchange is not retained because the brine stream from this process

would require additional treatment. Moreover, ion exchange is more expensive than equally
effective and implementable ex-situ water treatment technologies. Membrane technologies

that are discussed below provide a higher and more reliable level of treatment.

Retained?: No.

e Membrane Technologies. Membrane technologies include RO, NF and ED/EDR. While
these technologies are all effective at removing the COCs from Site groundwater, they will
produce a brine stream that likely would require further treatment prior to disposal. In some
cases this brine stream can be treated and blended back into the treated RO stream. In
addition, the processes have varying pretreatment requirements and high energy demand
requirements. While similar, each technology in this group has unique performance aspects
based on water types treated, discharge required, and brine reject quality and quantity.
Selection of the specific membrane technology warrants an engineering study to optimize
the selection. Evaluation of this option against the three screening criteria and additional Site

considerations is presented below.

Effectiveness: High. All technologies in this group are effective for removing COCs down

to discharge standards. This technology is a USEPA BAT for selenium and cadmium.

Implementability: High. All technologies in this group are readily implementable.

Membrane technologies have high electrical power requirements to pressurize the feed
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stream or to charge the membranes and produces an additional waste stream that would

require treatment.

Cost: High capital, high O&M.

Site-Specific Considerations: Membrane technology is adaptable to the anticipated flow

volumes to be treated. Membrane technology also is suitable to treat all ions in the Site

groundwater.

Potentially Applicable Areas: All areas where groundwater is collected and requires

treatment for disposal.

Decision Rationale: Membrane technologies are retained because they are highly effective

for treating all of the Site COCs. This is opposed to Ion Exchange and Absorption
technologies that also produce waste streams, but are less effective for treating all the COCs.
Membrane technologies can consistently produce water with very low COC concentrations.
Options exist for further treating the brine and blending a portion back into the discharge.
However, often the brine stream from this process requires additional management

(disposal).
Retained?: Yes.

B.5.6.2 Chemical
¢ Chemical Precipitation. Assuming the combination of appropriate treatment involving
the use of chemical reagents (e.g., FeCl; or Ca(OH),) and separation/filtration, chemical
precipitation would be capable of reducing concentrations of site COCs below ARARs. In
addition, chemical precipitation has a relatively low cost when compared to other ex-situ
treatments/technologies. Important to note is that the oxidation state of selenium
influences the treatment efficiency. Evaluation of this option against the three screening

criteria and additional site considerations is presented below.

Effectiveness: High. Chemical precipitation is effective for reducing most of the Site COCs
to meet ARARs. USEPA BAT for cadmium and selenium (lime softening). Generates a
sludge that requires management and disposal. However, effectiveness for selenium requires
successful reduction of Site selenate to selenite (the following technology), which can be

difficult with sulfate present. Effectiveness is moderate to high.
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Implementability: High. Chemical precipitation is a common treatment process that is

straightforward to implement for a wide range of flows.

Cost: Moderate capital, high O&M.

Site-Specific Considerations: Because selenium in groundwater at the Site is selenate, it may

be necessary to electrochemically reduce the influent groundwater to produce selenite for

improved selenium removal efficiency in the chemical precipitation process.

Potentially Applicable Areas: All areas where groundwater is collected and requires

treatment for disposal.

Decision Rationale: Chemical precipitation is retained as a treatment technology for removal

of metals and/or selenium. Likely would require other ex-situ process options (e.g.,
separation/filtration and selenate reduction) to complete the treatment train, depending on
the discharge requirements. Chemical precipitation generates a sludge that would require

management and disposal (landfilling).

Retained?: Yes.

e Oxidation/Reduction. Oxidation/reduction is considetred in conjunction with other
technologies, such as chemical precipitation, when the oxidation state of the constituents
being treated need to be altered. For example, because selenium in groundwater at the Site
is selenate, it may be necessary to electrochemically reduce the influent groundwater to
produce selenite. This change in oxidation state to selenite will improve selenium removal
efficiency in the chemical precipitation process. Evaluation of this option against the three

screening criteria and additional site considerations is presented below.

Effectiveness: High when considered in conjunction with other technologies such as
chemical precipitation, which may require an oxidation/reduction step to change the
oxidation state of the constituents being treated (e.g., selenate to selenite) to improve
treatment efficiency during chemical precipitation. Effectiveness can be affected by similar

ions.

Implementability: High. Implementable for most Site COCs.

Cost: Moderate capital, high O&M.
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Site-Specific Considerations: Because selenium in groundwater at the Site is selenate, it may

be necessary to electrochemically reduce the influent groundwater to produce selenite for

improved selenium removal efficiency in the chemical precipitation process.

Potentially Applicable Areas: All areas where groundwater is collected and requires

treatment for disposal.

Decision Rationale: Not retained as a standalone treatment because it would not by itself

reduce COC concentrations sufficiently. However, oxidation/reduction could be useful as a
treatment step (component) because it may be necessary to reduce selenate in influent
groundwater to selenite for improved selenium removal efficiency in the chemical

precipitation process.
Retained?: Yes — in conjunction with other technology

B.5.6.3 Thermal

Thermal evaporation is a very effective treatment technology that can produce an effluent with
significantly reduced concentrations of the Site COCs. However, the technology also has very high
capital and O&M costs compared to membrane treatment technologies that produce a similar
effluent quality. Evaluation of this option against the three screening criteria and additional Site

considerations is presented below.

Effectiveness: High. Thermal evaporation/distillation technology is effective for separating
dissolved metals and inorganics from the process stream, essentially producing distilled

water.

Implementability: Moderate. Implementation of this technology for large quantities of

extracted groundwater would likely require construction of an equalization pond for water

storage.

Cost: Very high capital, high O&M.

Site-Specific Considerations: The technology is best suited to lower flows, and may not be

suited to treatment at the Site if water is extracted from the Wells Formation because of
possibly high discharge rates. For thermal evaporation/distillation, the concentrations of all

ions in the Site groundwater would be reduced.
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Potentially Applicable Areas: All areas where groundwater is collected and requires

treatment for disposal.

Decision Rationale: Thermal evaporation/distillation is not retained due to very high capital

and O&M costs compared to other equally effective technologies (e.g. membranes).
Retained?: No.

B.5.6.4 Biological

Ex-situ biological treatment involves the transformation, degradation or fixation of contaminants by
microorganism activity in a constructed treatment cell or cells. The most common form of
biological treatment for metals and some non-metals, like selenium, is biological reduction using
anaerobic bacteria resulting in precipitation or sorption of the COC. This may be conducted in an

anaerobic wetlands, a pond, or a bioreactor, as examples.

Bioreactor treatment can range from simple field systems to more complex treatment plants. P4
tested a bioreactor system for the treatment of dump seep water at the Site with favorable results for
selenium, arsenic, cadmium and several other metals that would be a concern if the discharge was
routed to surface water (P4, 2011). The system tested consistently produced effluent that had
selenium concentrations below the groundwater MCL (0.05 mg/L), but would need modifications to
consistently meet the surface water discharge standard limit of 0.005 mg/L. For infiltrating
extracted and treated groundwater back to the groundwater, the level of treatment required would

be the MCL or lowet.

The bioreactor system consists of a groundwater collection system, cells or tanks filled with reaction
media/substrate, a nutrient feed system, and a discharge system. The complexity of biological
treatment systems ranges from anaerobic/aerobic wetlands or the P4 pilot bioreactor to
sophisticated biomechanical processes (often proprietary) with rotating media, fluidized beds, and
other enhancements. Evaluation of the biological option against the three screening criteria and

additional Site considerations is presented below.

Effectiveness: High. Biological treatment is effective for reducing concentration of
selenium and cadmium, as demonstrated in the P4 pilot test. Treating extracted
groundwater in a biological treatment system has some advantages compared to treating
water from surface sources because the flow, temperature, and water quality have less

seasonal variation. Nonetheless, the effectiveness can decrease in the winter because of low
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ambient temperature. To improve winter operation, temperature control in a building could
be necessary. System effectiveness can be less reliable (more prone to upsets) in comparison

to non-biological processes (i.e., chemical precipitation).

Implementability: High. This technology is implementable as demonstrated by the P4 pilot

testing. The system would have to be scaled up for treating extracted alluvial groundwater.
The rate of groundwater withdrawal from the Wells Formation could require an excessively

large treatment system.

Cost: Low to moderate capital depending on flow rate (alluvial and/or Wells Formation),
moderate O&M. O&M costs include periodic replacement of bioreactor media and nutrient

addition.

Site-Specific Considerations: High concentrations of sulfate can affect the efficiency of

selenium treatment; however, this was shown not to be an issue during the P4 pilot testing

of the technology. Winter temperatures can reduce treatment efficiency.

Potentially Applicable Areas: All areas where groundwater is collected and requires

treatment for disposal.

Decision Rationale: Biological treatment is retained because the technology was

demonstrated at the Ballard Site.
Retained?: Yes.

B.5.7 In-Situ Treatment

A detailed description of the in-situ treatment technologies that were retained following the initial
screening described in Section 4.5.4.6 for the groundwater COCs is provided below. Prior to full-
scale implementation, the technologies would need to be pilot tested to determine their effectiveness
at reducing the levels of COCs to target cleanup levels. An evaluation of the chemical and biological
in-situ treatment technologies considered for contaminated groundwater at the Site is provided

below.

B.5.7.1  Chemical
e Chemical Injection (reduction). Injection of chemicals is most effective for altering the
pH or redox conditions of groundwater and then precipitating COCs such as metals or

resulting in the adsorption of the metals to the aquifer matrix (both of which can be
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reversible). These reactions can cause additional chemical reactions within the formation
and may significantly reduce the permeability of the zone being treated. For the Site COCs,
the reduction to less soluble species would be the focus of the most viable in-situ treatment
methodologies (e.g. selenate to selenite to elemental selenium or selenide, which will
precipitate). Injectable sulfur compounds are a technology used for facilitating reduction in
an aquifer — for example calcium polysulfide or sodium hydrosulfite (dithionite) (TBEC,
2005). These chemicals are injected into the contaminated aquifer resulting in zones of
dissolved COC removal. The technology can be used for barriers or for aggressive
complete-aquifer remediation. The technology can be effective for the reducible Site
groundwater COCs, selenium and cadmium. For the Site, grid pattern injections could be
utilized in areas where COCs exceed the remediation goals. Bench and pilot testing would be

needed to validate this technology for the Site.

The technology has many factors that would affect its usefulness, implementability and
effectiveness. Evaluation of this option against the three screening criteria and additional

Site considerations is presented below.

Effectiveness: The direct effectiveness on the Site COCs should be high, but would need to
be demonstrated through bench and field pilot testing. The hydrogeology has pronounced

effects on the effectiveness as discussed below for the two units.

Effectiveness in Alluvial Unit: Moderate to High. In-situ chemical treatment and

remediation has been implemented at multiple sites in the U.S. (TBEG, 2005). Itis
considered an established treatment/remediation technology; however, the long-term
effectiveness has not been evaluated. A limit to the effectiveness could be the heterogeneity
of the alluvial unit. The alluvial unit can be accessed using direct-push injections or direct-
push-installed wells, allowing for a high density of injections, and therefore, increasing the

potential effectiveness (considered to be high, but would require testing).

Effectiveness in the Wells Formation: Low. Injections into the Wells Formation are not

likely to be spaced closely and would rely on dispersion in the formation, which has complex
hydrogeology. Therefore, the potential effectiveness in the Wells Formation is expected to

be low.
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Implementability in the Alluvial Unit: High. In situ chemical treatment consists of injection

wells or direct-push injections, common equipment and components, and no challenges
would be anticipated for the alluvial unit. The single exception may be the variable
hydrogeologic character of the alluvial unit, which could result in variable and incomplete

dispersion of injected chemicals.

Implementability in the Wells Formation: Low. For the Wells Formation, injection would

have to be through a few relatively expensive injection wells. While feasible, predicting or
monitoring dispersion in the unit would be very difficult because of the stratigraphic and

structural complexity.

Cost: Alluvial unit - moderate capital, low O&M (for a one or two injections). Wells

Formation - high capital, low O&M.

Site-Specific Considerations: The hydrogeological character of the groundwater systems are

critical in determining the effectiveness and implementability of in-situ chemical treatment.
The alluvial unit is shallow and unconsolidated and is therefore easy to treat with a large
number of borings. The Wells Formation has to be accessed with deep bedrock drill holes,
but has higher permeability and injected chemicals would have greater dispersion. The
chemical composition of the groundwater (e.g., species present and competing ions) and

aquifer matrix also will affect the effectiveness of the chemical treatment.

Potentially Applicable Areas: All areas of groundwater contamination, but may have limited

effectiveness and implementability in the Wells Formation.

Decision Rationale: Chemical reduction is likely to be effective for remediating Site COCs

in groundwater. However, effectiveness would need to be validated with testing.
Implementation in the alluvial unit is straightforward, whereas, implementation in the Wells
Formation is very complex and would be hard to demonstrate effectiveness. However, the
cost of this alternative would not be associated with substantially reduced potential risk
exposure compared to other alternatives. Time to complete plume remediation would be

reduced compared to other technologies (e.g., barriers and MNA).

Retained?: Yes - Alluvial unit; No - Wells Formation.

e Reactive Barriers. Permeable reactive barriers (PRBs) and chemical-injected reductive

reaction zones are both closely related technologies, and will be referred to here as PRBs.
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These technologies are applied as a barrier to contaminated groundwater flow opposed to
general plume treatment as discussed above. PRBs are potentially useful for treatment of
metals and other inorganics in the Site groundwater. However, reactive barriers are limited
by the depth to which they can be placed (maximum demonstrated depth is 45 feet), while
injected zones can be constructed to greater depths (e.g., 100 feet). With deeper injected
zones, predicting the dispersion of chemicals within the formation, which ultimately would
determine the effectiveness of PRB treatment, can be difficult. There is also uncertainty
regarding the long-term effectiveness of this technology. Chemicals such as calcium
polysulfide or sodium hydrosulfite (dithionite) can be used as injections (discussed in the
previous technology), but in a trench, zero-valent iron and organic matter are also options
(TBEG, 2005). The specific treatment reagent for the PRBs would be determined through
testing. Evaluation of this option against the three screening criteria and additional Site

considerations is presented below.

Effectiveness: The long-term effectiveness would be dependent on a number of factors
including ability to intercept the plume, thickness of the treatment zone, treatment
reagent(s), and contaminant load. A PRB can be a long-term passive treatment system in
some configurations, especially if a biological component is introduced, or can be active with
regular chemical feeds with effectiveness determined by factors like plugging. Effectiveness

in each of the units is presented below.

Effectiveness in the Alluvial Unit: Low to high. PRBs are effective for treatment of the Site

COCs. In the shallow alluvial unit, PRBs should be effective near the sources, but could

also be an effective treatment southwest of the Site where the groundwater plume intersects

the Blackfoot River.

Effectiveness in the Wells Formation: Low. Effectiveness in the Wells Formation is likely to

be low because of constructability issues (discussed below).

Implementability in the Alluvial Unit: High. In the alluvial aquifer, an effective barrier would
require closely spaced borings, or more likely a backfilled trench. The relatively shallow
depth-to-groundwater (approximately 1 to 10 feet) and shallow source (i.e., infiltration from
waste rock above the native ground surface) are favorable for implementation. A complete
PRB along the waste rock perimeter that exceeds the selenium ARAR (MCL) would be in
excess of 7,000 feet. For a few restricted areas, small plumes, or plume cores, this may be
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more readily implementable. For example where the groundwater plume reduces in width

on the southwestern corner of the Site (see Drawing 2-8).

Implementability in the Wells Formation: Low. In the Wells Formation, an injection well

PBR is possible but difficult. The wells have to be several hundred feet deep and require
special drilling methods because of the loose fine sand. The Wells Formation aquifer is also
stratigraphically and structurally complicated, making effective well placement difficult. That
is, locating the correct stratigraphic locations in the Wells Formation in multiple locations

would be challenging and expensive.

Cost: Alluvial unit - Moderate capital, low O&M. Wells Formation - High capital, moderate
O&M.

Site-Specific Considerations: The depth to Site groundwater is the most important
consideration for implementability. The alluvial unit is shallow and unconsolidated, and it is
therefore straightforward to constructed PRBs. The Wells Formation is a deep bedrock
unit, making construction of a reactive barrier difficult having to rely on closely spaced wells

and the dispersion of the reactive material within the aquifer.

Potentially Applicable Areas: All areas of groundwater contamination, but may have limited

effectiveness and implementability in the Wells Formation.

Decision Rationale: PRBs have been used with some success to treat groundwater

contaminated with inorganic COCs. Effectiveness and implementability in the alluvial unit
is likely to be high. PRB implementation in the Wells Formation would have to be through
deep borings, and therefore, implementation would be difficult and would likely result in low

effectiveness.
Retained?: Yes - Alluvial unit; No - Wells Formation.

B.5.7.2 Biological

In-situ biological treatment of groundwater would involve injecting carbon, nutrients, and possibly
bacteria into the aquifer. The application and treatment principles are similar to the ex-situ
biological treatment and in-situ chemical treatment discussed previously. It consists of enhancing
the biological transformation of COCs by microorganisms to less mobile species. In addition,

biological treatment may naturally follow in-situ chemical treatment discussed above. That is, the
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chemical treatment may treat the bulk of the contaminant load, and as a by-product, generate

favorable conditions for biological treatment with native bacteria.

In situ biological treatment typically consists of introducing soluble organic carbon to the aquifer
(TBEG, 2005). Carbon substrates such as food grade lactate, ethanol, acetic acid (vinegar),
molasses, emulsified or vegetable oil can be injected into the groundwater to facilitate
microorganism growth and create the reducing conditions needed to chemically reduce soluble
COCs such as cadmium and selenium (USEPA, 1999b; Groudev et al., 2001). The carbon substrates
are supplied to the subsurface via active or passive injection wells. Mixing in the subsurface can
occur via the natural hydraulic gradient or via a recirculation system consisting of injection
well/extraction wells. Extracted water is amended with the carbon substrates and injected and drawn
through the target treatment zone using extraction wells. The re-circulation system provides for
containment and reinjection of any excess electron donor, but uses more energy than the passive

flow-injection system.

Effectiveness: The concept and effectiveness would have to be validated with bench scale

and field pilot testing. Effectiveness for the two units is as follows:

Effectiveness in the Alluvial Unit: Moderate to High. In situ biological treatment

effectiveness in the alluvial unit for COCs is expected to be high, but could vary due to

hydrogeologic conditions.

Effectiveness in the Wells Formation: Low. Effectiveness in the Wells Formation would be

limited by the ability to distribute the reagents throughout the COC-affected zone.

Implementability in the Alluvial Unit: High. The equipment and installation techniques are

well established and are considered conventional technologies. In the alluvial unit, direct-

push technology could be used for application.

Implementability in the Wells Formation: Moderate. Implementation in the Wells
Formation would require a smaller number of deep wells and dispersion of the reagents may

not be complete.

Cost: Alluvial unit - Moderate capital, low O&M (for a one or two injections) to moderate

O&M (if a recirculation system in deployed). Wells Formation - High capital, low O&M.
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Site-Specific Considerations: The hydrogeological character of the groundwater systems is

critical in determining the effectiveness and implementability of in-situ chemical treatment.
The alluvial unit is shallow and unconsolidated and is therefore easy to treat with a large
number of borings. The Wells Formation has to be accessed with deep bedrock drill holes,
but has higher permeability and injected reagents would have greater dispersion. The
chemical composition of the groundwater (e.g., species present and competing ions) and

aquifer matrix also will affect the effectiveness of the biological treatment.

Potentially Applicable Areas: All areas of groundwater contamination, but may have limited

effectiveness and implementability in the Wells Formation.

Decision Rationale: In-situ biological reduction is likely to be effective for remediating Site

COCs in groundwater. Implementation in the alluvial unit is straightforward, whereas,
implementation in the Wells Formation is very complex and would be hard to demonstrate
effectiveness. However, a biological application in the Wells Formation could be less
expensive compared to chemical treatment. Application of in-situ biological treatment may

be best applied in the alluvial unit via a PRB as discussed above.

Retained?: Yes - Alluvial unit; No - Wells Formation.
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APPENDIX C

COMMENTS AND COMMENT RESPONSE DOCUMENTS



APPENDIX C-1
A/T Comments on P4’s Ballard Mine Feasibility Study Report,
Memorandum 1 — Site Background and Screening of Technologies,
Draft Rev 0, March 2015

Transmitted to P4 on May 15, 2015



<ED ST4
o g

. n R UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
m .
§ v 92 REGION 10
3 § IDAHO OPERATIONS OFFICE
z'«;% S 950 West Bannock, Suite 900
74y prote” Boise, ldaho 83702

May 15, 2015

Molly R. Prickett
Environmental Engineer
Monsanto Company

Soda Springs Operations
1853 Highway 34

Soda Springs, Idaho 83276

Re: A/T comments on P4’s Ballard Mine Feasibility Study Report, Memorandum 1 — Site
Background and Screening of Technologies, Draft Revision 0, March 2015.

Dear Ms. Prickett,

The Agencies and Tribes (A/T) have reviewed the above referenced deliverable, submitted pursuant to
the Administrative Settlement Agreement and Order on Consent/Consent Order for Performance of
Remedial Investigation and Feasibility Study at the Enoch, Henry, and Ballard Mine Sites in
Southeastern Idaho (or 2009 AOC). This letter transmits comments on this technical memorandum.

We will be available to discuss and clarify these comments during our next conference call, and could
also arrange for a separate call or meeting to discuss comments. Please contact me if you have
questions. I can be reached at 208-378-5763 or electronically at tomten.dave(@epa.gov.

Sincerely,
/1sl/

Dave Tomten
Remedial Project Manager

cc:
Mike Rowe, IDEQ - Pocatello
Sandi Fisher, US FWS - Chubbuck
Kelly Wright, Shoshone Bannock Tribes
Susan Hanson (for the tribes)
Mary Kaufman, FS — Pocatello (electronic version only)
Colleen O’Hara-Epperly, BLM (electronic version only)
Vance Drain, MWH (electronic version only)
Cary Faulk, Integrated-Geosolutions (electronic version only)
Talia Martin, Shoshone Bannock Tribes (electronic version only)
Bob Blaesing, BIA (electronic version only)
Dennis Smith, CH2MHill (electronic version only) XY srnted on Recycied Paper
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Gary Billman, IDL — Pocatello (electronic version only)
Charles Allbritton, EPA Records Center (electronic version only)



Feasibility Study Tech Memo #1 for P4’s Ballard Mine

General Comments

GCH#1. Please revise terminology and use the term preliminary remediation goal (PRG) in the
document rather than proposed cleanup level (PCL). Use of “PRG” mirrors the language in the
NCP and is consistent with practice within EPA Region 10. In the Record of Decision phase, the
“PRG” nomenclature (and sometimes the value itself) will be changed (and locked in) to the
term “Cleanup Level” or “Remediation Goal.”

[Body Response]

GCH#2. In draft Tech Memo #1, P4 proposed establishing soil PRGs = RBCL+BTV. This
approach is a non-starter as it would set soil PRGs above upper threshold levels of the
background data set, and because there is no support for this approach in policy or guidance. See
also specific comments on this approach below. For soil, the methodology for establishing PRGs
is a typically a step-by-step process involving first calculating concentrations of COCs in soil at
an acceptable risk level (RBCLs), and then modifying the risk-based levels by considering
ARARSs, target risk range for various receptors, technical limitations, uncertainty, and other
factors including background. There is no rigid formula for this analysis, and the process must
consider a variety of factors to achieve risk management goals. In this case, because RBCLs are
low relative to background, consideration of background will be a key driver in establishing soil

PRGs.

At this point, based on the information provided, the A / T is not prepared to provide specific
direction on a methodology for establishing soil PRGs. To advance this issue toward resolution,
we believe it would be appropriate to consider some additional information or graphical
presentation of existing information.

Specifically, we are requesting:

e RBCLs for all COCs for other human health exposure scenarios (in addition to residential
scenario), and for all ecological receptors (in addition to the most sensitive).

e Index plots of key COCs grouped by subpopulations with potential decision statistics
displayed.

e Summary table reporting USLs, UPL, and UTLs for various COC:s to illustrate differences.

e A description of how soil PRGs would be applied using the amount and type of data
available to make cleanup decisions, in terms of decision rules.

This information will provide additional insight that will allow for more informed and balanced
risk management decisions. Proposed decision rules regarding application of PRGs will need to
consider the potential for uptake by veg over an appropriate soil depth and consider how
variability over a source area (including presence of hot spots) would be handled.
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GCH#3. Revise TM#1 to fully incorporate results from the Tier I Ballard Mine Radiological Risk
Calculations, which showed that risks to humans are driven by Radium. In addition, the next
version of TM#1 should present RBCLs and proposed PRGs for radiological COCs.

GC#4. There are various statements throughout the document regarding potential bias in the
background soil data set. The next version of TM should be revised to include the new
provisional background soil data and summary statistics, with a note that the background report
is not yet final. Inclusion of this information eliminates the need to speculate regarding bias.
Please delete speculative statements regarding potential bias.

GCH#5. Considering empirical radiological data were obtained in 2014, the speculative statements
about modeling from uranium and background radionuclide levels need to be removed from
subsequent drafts of the FS memoranda, and replaced with discussion comparing findings from
2014 characterization work with results from secular equilibrium modeling.

GCH#6. Where Vegetation is considered a secondary media, it should be discussed how the
remedial technologies will impact COC / COEC levels in vegetation.

GC#7. We note that the Area-Wide study (IDEQ 2001) is only mentioned in historical
references, and the RI appropriately relied primarily on site specific information. Please note
that Tribes have requested that data from the study not be used.

GC#8. ARARs — In the interest of getting comments out on TM#1, these comments include only
limited comments on ARARs. The A / T intend to provide additional comments on potential
ARARs in the coming weeks, as potential ARARs are identified and compiled. We anticipate
that comments will be provided within the next two weeks.

Page 2 of 18



Feasibility Study Tech Memo #1 for P4’s Ballard Mine
March 2015

Specific Comments

TOC. Add list of appendices and an Acronyms and Abbreviations section to the Table of
Contents.

1.1. Both the BLM and the US Fish and Wildlife Service are in the Department of Interior.
Please correct the paragraph to make this fact more explicit.

1.2. Delete the second “for each.”

1.3.1. Suggest moving discussion of risks and future land uses at the Shop Area to 2.3.1.
(Starting with “The Ballard Shop was investigated....” through end of section 1.3.1.)

1.3.2. Revise to clarify that Monsanto (not P4) owned and operated the plant and mine during the
operational phase of the project.

1.4. Delete “and” to read “(5) geology, (6) hydrogeology.”
1.4.6. Insert “and” to read “generally unconfined and may interact.”
1.4.6. Change to “Dinwoody Formation.”

1.4.7. Please visit the Idaho Fish and Wildlife Office web site to access the most current
Endangered Species information (http: // www.fws.gov / idaho / species /
IdahoSpeciesList081414.pdf). Only Canada lynx are Federally listed in Caribou County; the
greater sage-grouse are a candidate species.

1.4.8. The land use section provides a general discussion on uses around the area, however more
specifics on adjacent ranch properties (where site-related contamination is known to have
migrated) should be added. In addition, add language describing the potential for use of Site by
Tribes, such as: “the Ballard Mine is located in the vicinity of federal lands where there are tribal
cultural activities, specifically hunting and gathering.” Also revise to indicate that the scattered
ranches and farms in the area use groundwater for domestic use.

2.1. In various places in section 2.1 the narrative refers to “screening levels” for various media.
To assist reader, please define at first usage to avoid potential confusion.

2.1. Reword as the sentence reads awkwardly especially “...leading from the Site as shallow
groundwater plumes leading from the source area.”

2.1.1. First sentence — “Concentrations of most constituents in the upland soil samples collected
across waste rock dumps, mine pit backfill, and the haul road are elevated above screening and
background levels, for several metals / metalloids.”: State what the screening level is and its
basis and the range that the COCs are above the screening and background levels. This comment
also pertains to other media that describe sample results above screening / background levels.

2.1. Note presence of radiogenic elements in the waste materials, and associated nature and
extent of daughters including radon gas and gamma.
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2.1. The “key findings” of the nature and extent of contamination needs to also describe whether
contamination has migrated off the mined areas and off the P4 property.

2.1.2. The vegetation discussion should describe the presence and abundance of selenium
accumulator and hyperaccumulator species.

2.1.4. Delete “the” to read “and other constituents.”

2.1.5. Change to “. (i.e., exceed levels in a single event at a single location, exceed in a very few
locations [e.g., dump seeps], or exceed in total but not dissolved fractions).”

2.2. This paragraph describes two scenarios within the conceptual site models of where waste
rock is placed but does not state the impact of these two waste placement locations and how this
influences the fate and transport of CoCs for each scenario. Please add this discussion.

2.3.1. First sentence states that “conservative” assumptions were made with respect to the
HHRA. Either describe how the assumptions were conservative, or refer to subsequent
discussions where the conservativeness is discussed, or delete if the conservativeness of
assumptions cannot be described and documented.

2.3.1. Considering ranching is a current use on areas where contamination is known to be
present, it is unclear why this exposure scenario is considered only as a future use. The current
and future land use descriptions in this section are not consistent with the descriptions in the RI
and are not consistent with the scenarios considered in the risk assessment (RA). All scenarios
evaluated in the RA were considered to be both current and future use with the exception of the
hypothetical future residential scenario. The FS memo needs to be revised to accurately reflect
the current uses and those evaluated in the RA.

2.3.1. Human health risks are presented by medium only, which does not accurately reflect the
total exposure to potential receptors. Cumulative risks from exposure to all media were provided
in the RA and need to be summarized in the FS.

2.3.1. Replace “likely to be overestimated” with “may be.” Also delete (2) as background
concentrations will not change site risks.

2.3.1. Here and elsewhere, define, and use care in, use of the terms Site and Mine Area. Note that
the Site includes mine features such as pits and dumps, and the Site would include all areas
where contaminants have come to be located. Thus the Site would include land near the mine
features that are impacted by surface water runoff, or include plumes of contaminated
groundwater. Consistent with this direction, delete language on page 2-7 indicating that future
subsistence, ranching and residential uses are unlikely to occur in the future. Seasonal ranching is
a known current use, and subsistence and residential (farm or ranch on the Site) are reasonably
foreseeable at least for some portions of the Site. In addition, delete or revise final sentence of
2.3.1 as it may be necessary to control future uses of some areas downgradient of the mine
dumps for some period of time (e.g., east side of Ballard) due to risks associated with releases of
contaminants to GW and SW.
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2.3.1. The FS memo states that, “The Native American, hypothetical future resident, and
seasonal rancher were evaluated to determine if land use controls and / or remediation are
required to protect future subsistence, residential or seasonal ranching land uses...” Some of
these are current use scenarios (e.g., on-site grazing of cattle) and there is offsite contamination
on private lands currently used for ranching. The FS memo needs to be revised to accurately
describe the current uses within the extent of contamination and the risks to these users.

2.3.2. First usage of “HQ” — spell out

2.3.2. The FS memo indicates that “based on the changes to the revised background data set, it
may be necessary to recalculated ecological HQ estimates.” Site risks will not be impacted by the
new background data. Instead, recalculation of the background risk may be useful to help risk
managers understand the risk attributable to background.

Include paragraph noting that eco risks were estimated using the data collected, which did not
include collection of plants known to hyper-accumulate selenium. Add language explicitly
acknowledging that plants that hyper-accumulate Se are known to be present in some nearby
mining disturbed areas, and these facts contribute uncertainty to risk estimates. Because such
plants are known to be present in mining disturbed areas, there may be additional risks associated
with acute exposure scenarios for hot spots. These risks are not reflected in risk estimates. Ditto
for section 2.3.3 for livestock.

2.3.3. Note that horses may have been known to graze at some Sites in the mining district.
Revise to clarify that while grazing is not currently allowed on lands controlled by P4, there are
portions of the Site below the dumps where seasonal grazing is a known current land use.

2.3.4. The statement for excluding thallium as a COC seems unsubstantiated. Please state basis
of exclusion —- (i.e., only detected once in X samples, or similar).

2.4.1. Add “manganese” to this list based on the first sentence in the next paragraph.
Table 2-1. Include summary information on radiological risk, or add new table.
Table 2-1. Total cumulative risk for each receptor (exposure scenario) should be provided.

Table 2-1. The incremental HI for culturally significant plants in upland soils appears to be
incorrectly calculated. A revise to the HI is necessary.

Table 2-1. The use of footnote d is confusing and appears to be in error. Footnote d apparently
indicates dissolved contaminant levels were used, however this footnote is used for sediment
which is nonsensical. This footnote is also used for cattle-surface water. Unlike protection of
fish, which often uses dissolved levels for comparisons with water quality criteria, cattle would
be exposed to total metals concentrations. Revisions to the table are necessary.

Table 2-4. Revise table or include additional table to reflect radiological COCs.

Drawing 2-2. Does this drawing also include co-located sediment sample locations? Revise
accordingly.
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3.0. Beginning with the title of Section 3.0 and throughout the rest of the document: Please
revise terminology and use the term preliminary remediation goal (PRG) at this stage of the
process, rather than “proposed cleanup level”. Use of “PRG” mirrors the language in the NCP
and is consistent with practice within EPA Region 10. In the Record of Decision phase, the
“PRG” nomenclature (and sometimes the value itself) will be changed (and locked in) to the
term “Cleanup Level”. Use of the term RBCL is useful and helps to clarify stepwise process for
developing candidate PRGs.

3.1. Clarify that the list of potential ARARs provided is preliminary. ARARs are selected and
finalized in the ROD. This process will also allow for further discussion and evaluation of the

relevancy and appropriateness of some potential ARARSs using the factors in 40 CFR
300.400(g)(2).

3.2.1. Please provide citation to support final sentence of this section. Note that language
regarding consistency of application applies to state ARARs.

3.4. Section 2.2 identified the contaminant pathway between surface water and groundwater.
Considering this contaminant transport mechanism occurring at the site, it seems appropriate to
include “Hydraulic Isolation” as a General Response Action (i.e., remedial measures to minimize
the transport of contaminants from surface water to groundwater and vis versa.). Although it
appears this concept may be partially captured under Containment (Sediment Control Basins) in
Surface Water Table 4-4 and under Containment (Vertical Barriers) in Groundwater Table 4-6.

Table 3-3. Federal Location-Specific ARARs: The Bevill-exemption of mining wastes should be
specifically identified and summarized in the ARARs tables. The Bevill exemption to RCRA
provides an exemption of mining wastes as hazardous wastes (Subtitle C), but the mining wastes
are still classified as RCRA solid wastes (Subtitle D). This is an important determination when
addressing mine waste piles or treatment stream wastes.

Table 3-3. Please add the Federal Migratory Bird Treaty Act to this table, as it is an ARAR at
the Site.

3.5. Last two sentences stating process of modifying Preliminary Cleanup Levels (aka PRGs): In
this discussion it should be explained that it is at the ROD phase when the PCLs become set
(legally binding) as cleanup levels.

3.5. The sentence states that “Vegetation is a secondary medium and adverse effects to this
medium will be addressed through cleanup of primary medium (soils and sediment)...” To prove
that the primary medium is effective at isolating COECs from receptors and meeting RAOs, it is
recommended that corresponding concentrations of Se and other COECs in vegetation be
calculated and utilized as performance targets. This information may aid in evaluating the
effectiveness of remedial actions taken. In addition, the ability of a remedy to meet soil RAOs
will depend on the selected PCLs (PRG) for soil, as well as design considerations that account
for rooting depth of reclamation vegetation and perhaps other factors. The alternatives developed
in TM#2 will need adequate detail and definition regarding soil remedies (thickness of cover
profile for example) to evaluate effectiveness, costs and other criteria.
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3.5. RBCLs (for arsenic) were calculated and reported at a target cancer risk of 10, which
exceeds Idaho DEQ’s target risk of 107 and the EPA 107 “point of departure” in the stepwise
process for establishing PRGs. For carcinogens, RBCLs should be presented for a range of risk
levels within the DEQ and EPA target risk range, including 10 10~ and 107 to provide clarity
and transparency to the process of establishing PRGs. The RBCLs may be revised from the
point of departure by considering ARARs, uncertainty, background and other factors during
subsequent steps in the development of PRGs.

3.5. Calculating preliminary cleanup levels for soil or sediment for a given COC / COEC by
adding background concentrations (upper threshold values) and the lowest risk based screening
level together would not appear to protect resident receptors from toxicological effects. This
observation is based on the fact that if chemical concentrations in soil and sediment exceed a
RBCL because background is added to the RBCL, the receptor for which the PCL was derived
would potentially be exposed to a COC / COEC above a given toxicity value. Thus, by nature,
the proposed PCLs are not conservative in that they would appear to be permitting some level of
risk to sensitive receptors exposed to Site media. Despite the cited cases (in the document) in
which this methodology (PCL=background + RBCL) was used, it does not appear to be
adequately protective of receptors in cases where both background and RBCLs are exceeded.
Also note that in the FMC example cited, that an estimate of central tendency was used as a
starting point. Thus the proposed additive approach using a USL as a starting point is
unacceptable. See also general comments on use of background in establishing PRGs.

3.5. Section 3.5 describes the PRGs / PCLs as levels that are based on site-specific risk based
cleanup levels protective of human and ecological receptors. Then, PCLs are described as a
summation of the risk based cleanup level and background. Therefore, the PCLs are above levels
that are protective of humans and ecological populations. The summation of the estimated upper
range of background with risk based levels is not appropriate. For example, the proposed PCL
for upland soil is equivalent to a LOAEL-based hazard quotient of 4.

Table 3-5. The RAOs must be revised to reflect program management expectations articulated in
the NCP (40 CFR §430(a)(1)(iii)) and to be protective and definitive for all relevant exposure
pathways. The FMC Plant OU ROD provides a good example of acceptable detail for description
for some RAOs:

1. Prevent human exposure via all potential exposure pathways (external gamma radiation
exposure, inhalation of radon in potential future buildings, incidental soil ingestion, dermal
absorption, and fugitive dust inhalation, ingestion of fruit and vegetables) associated with
soils and solids contaminated with COCs thereby resulting in an unacceptable risk to human
health assuming current or reasonably anticipated future land use

2. Prevent potential ingestion of groundwater containing COCs in concentrations exceeding risk-
based concentrations (RBC) or ARARs, or site-specific background concentrations if RBCs
or ARARSs are more stringent than background

3. Reduce the release and migration of COCs to the groundwater from BALLARD MINE
sources resulting in concentrations in groundwater exceeding RBCs or ARARs, or site-
specific background if RBCs or ARARSs are more stringent than background
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4. Restore groundwater that has been impacted by the Facility to meet RBCs or ARARs for
COCs, or site-specific background levels if RBCs or ARARSs are more stringent than
background

5. Reduce the release and migration of COCs to surface water from BALLARD MINE sources
at concentrations exceeding RBCs or ARARs, including water quality criteria pursuant to
Sections 303 and 304 of the Clean Water Act.

6. Thus, please review the RAOs in Table 3-5 and revise as needed to reflect a similar level of
detail. In particular, RAOs groundwater and surface water focus on preventing or reducing
exposure. These should be revised to include explicit statements that groundwater and surface
waters shall meet ARARSs to the extent practicable. In addition, RAO for mine waste rock /
soil for protection of eco receptors should reference uptake by vegetation and consumption by
€Co receptors.

Table 3-5. Delete reference to livestock health from the RAOs due to unresolved policy
questions regarding whether it is appropriate to trigger action or base remedy selection decisions
on protection of livestock. Because protection of livestock is an important concern of
stakeholders, it would be appropriate to evaluate and disclose information on whether the
alternatives are protective of livestock.

Table 3-5. What are “acceptable risk levels” in vegetation and what standards for human health
and environment determine it’s acceptable?

3.5. The PRG / PCL discussion incorrectly cites the FMC Plant OU to support a Risk +
Background level approach. FMC utilized a Risk + Background approach, but only for radium;
not for metals or other constituents. FMC also used a central tendency estimate of background,
which is not comparable the proposed 95% USL (upper simultaneous limit). Because
background was estimated as a central tendency, it was necessary to add a risk increment to
delineate background in the field. The sum of the central tendency background estimate and a
10 cancer risk based level is significantly less than the sum of the 95% USL and 10** cancer
risk based level and is likely less than the 95% USL (without the additional risk increment).

Table 3-7. Assuming the radiological data collected in 2014 also show unacceptable risk from
radium, PRGs / PCLs for radiological elements will need to be added to subsequent drafts of the
FS documents.

Table 3-7. Suggest replacing the ND for molybdenum in sediment with a < (detection limit); this
may provide the risk manager with some indication of the potential contribution of background.

Table 3-7. Suggest Changing “Media” in first column to “Primary Media” because vegetation is
not put on these tables since it is considered secondary.

Table 3-7. RBCLs for Uranium should be recalculated using a revised RfD, due to severe
problems with the IRIS profile (it used a 1949 study that would no longer be considered
adequate). I’'m now recommending the 2013 ATSDR, subchronic, oral MRL
(http://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=440&tid=77). It’s better supported than the MCL-
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RfD or the IRIS value, despite being subchronic. If necessary, we could convene a meeting of a
subgroup of subject experts to further discuss this matter.

4.1.1 and 4.2.1. Include paragraph noting that eco risks were estimated using the data collected,
which did not include collection of plants known to hyper-accumulate selenium and that this is a
source of uncertainty. Because such plants are known to be present in mining disturbed areas,
there may be additional risks associated with acute exposure scenarios where receptors may
ingest selenium hyper-accumulators. These risks are not reflected in risk estimates.

4.1.1. Delete reference to risk to livestock. See previous Table 3-5 comment.

4.1.2. Tribes have an updated list of culturally significant plants for the Shoshone and Bannocks.
The CS plants discussed in the FS are based on previous information, not the updated version of
the CS plants. It should be noted in footnotes, that this section does not reference the most recent
version of CS plants. The CS plant list was revised after the referenced sampling.

4.1.3. See comment above on need to add language recognizing that achieving RAOs must
consider cover profile in addition to PRGs / PCLs for soil. Develop a performance target for
vegetation uptake of metals, particularly selenium. General specifications for a cover / cap will
need to be developed in TM#2 in order to evaluate effectiveness and cost.

4.1.3. Selected remedial alternatives for primary media address unacceptable risk posed by
vegetation only if any seed mix or replanting does not include selenium-accumulating plants as
mentioned in Appendix B. Include language here.

4.1. The proposed approach to not monitor vegetation for COC / COEC levels and subsequently
use such information for remediation evaluations does not appear to be justifiable nor protective
of receptors. Although vegetation is a secondary media, it is the conduit of COC exposure for
many receptors and thus should be monitored in order to assess the efficacy of primary media
remediation. If COCs in vegetation fall above a given level of concern (e.g., a screening value or
performance target), the efficacy of remediation of soil or sediment would come into question.
Thus, please provide decision criteria for the evaluation of remediation efficacy that would
include vegetation monitoring and additional assessments of remediation efficacy. If vegetation
with elevated COCs is growing in primary media that are below cleanup values, risk may still
exist for ecological / human receptors. Such a condition may occur if cleanup values for primary
media are above both RBCLs and background levels as currently proposed.

4.2.1. Vegetation with COCs above levels of concern that is growing in primary media that has
COCs below PCLs may continue to present a risk to receptors. Thus, as stated in the previous
comment, please provide decision criteria and/or performance targets that could be used to
trigger further assessment of the efficacy of remediation of primary media.

4.2. This paragraph is somewhat confusing. It states that establishing actions for contaminated
surficial materials that are associated with the waste rock is being deferred until the Remedial
Design and / or RA Work Plan phase with the assertion that addressing waste rock and uplands
soil will also address these media? Please clarify by further describing or referencing information
on the nature and extent and volumes of these associated surficial materials.
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4.2. Seasonal Ponds: Last sentence reads: “This section then deals specifically with only upland
soils and waste rock found in mine dumps throughout the Site.” This last sentence attempts to
clarify the limitations of the upland soils and waste rock category, however, the opening
paragraph of Section 4.3 then states that “seasonal ponds” are excluded from Site Surface Water
and are part of the upland soils and waste rock category (Section 4.2). Clarify in Section 4.2 that
the seasonal ponds within the upland soils and waste rock area are considered part of this area
and the process options / technologies considered therein.

4.2. Change to “The waste rock is.”

4.2. Consistent with general comment above, add language in this section to address radiological
contaminants.

4.2.1. This is true for vegetation only if no selenium-accumulating plants are part of any
reclamation efforts. Revise as needed.

4.2.2. The paragraph makes the following statement: “For example, the data suggest that
regrading and some type of cover system for the waste rock would be the primary technologies
and process options for the Site. Some technologies and process options might be applicable at
sites with less volume and aerial distribution, but for large volume mine sites, such as the Ballard
Site, the list of technologies that are practical is limited.” It is unclear what “data” is being
referred to, but if it is volume alone, then that is not a basis to eliminate technology options at
this stage of the FS evaluation. If a technology or process option has the capability of addressing
the risk and is implementable, then that process option is generally not eliminated at this phase. It
would, however, be appropriate to eliminate some alternatives for large volume wastes during
later phases of the FS evaluation. Please provide more substantiated discussion and the specific
data being considered in order to determine whether to eliminate a process option at this phase.

4.2.4.1. “Site surface water” should be changed to “upland soil / waste rock”
4.2.4.4. Delete “thermal” as according to Table 4-2 all ex-situ treatments are eliminated.
4.2.4.5. Insert “to” to read “and aeration to reduce.”

4.3.1. First sentence, reference to cleanup levels of Table 3-6: at this FS stage of the CERCLA
process, these values are considered Preliminary Remediation Goals (PRGs) (see comment

above on Section 3.0). Also, other locations in this paragraph and document refer to “cleanup
levels” when it should be PRGs

4.3.1. Suggest changing “poor aquatic quality” to something like “poor quality aquatic habitat
incapable of supporting fish populations.”

4.3.2. Reference to Table 4-3 and runoff discharge — are these measurements considered the
“peak” runoff discharges? Please clarify.

4.3.2. Seasonal Ponds: this paragraph describes the seasonal ponds and then refers the reader
back to Section 4.2 where seasonal ponds are supposedly included and addressed as part of
Section 4.2 —- however, Section 4.2 and Table 4-2 make no mention of “seasonal ponds” and
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how they will be addressed as part of the Upland soils and Waste Rock category. If seasonal
ponds are going to be included in Section 4.2, please add appropriate discussion.

4.3.4.2. Change to “Site, or infiltrates and discharges.”
4.3.4.4. Define “POTW.”

4.4.1. Delete the space to read “vanadium.”

4.4.1. Eliminate the underline to read “fall within.”

4.4.1. Insert “the” to read “near the Site.”

4.4.1. Change “come” to “comes” for subject-verb agreement.

4.4.2. Last sentence states: “The area and volume assumptions listed above will be refined in
subsequent iterations of this FS when the Site specific clean-up levels are approved.” Note that
site-specific cleanup levels are approved or finalized in the ROD. Initial indications of
concurrence may be provided by the A / T during the FS phase, but typically cleanup levels are
not set until the ROD.

4.4.2. The 30-foot average is representative not conservative as the Respondents have stated.
Please change “conservative” to “representative”.

4.4.2. Delete the period after document to read “document (see Section 2.3).”
4.4.4.4. Change “plant” to “plants.”

4.5.4.5. Delete last sentence as this pertains to in-situ and this section deals with ex-situ
treatments.

Table 4-2. Vertical Barrier: Sheet Pile or Grout Wall: I agree that it makes sense to eliminate this
process option for upland waste rock piles, but it seems like its elimination should be based on
the fact that the waste rock piles are unsaturated, and as such, how would COC / COECs be
expected to migrate from the soil that is also unsaturated? Restate the logic for elimination of this
process option based on the lack of pathway for migration.

Table 4-2. In line 2, change to “will result in the net reduction.”
Table 4-2. In line 3, change to “direct exposure to COCs / COECs.”
Table 4-2. Looks like this row should be under Ex-Situ Treatment. Revise accordingly.

Table 4-2, In line 3, is “fixation” the same as “solidification?” If so, then the language is fine as
written. If not, change to “solidification.”
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Table 4-2, Removal and Disposal, Physical, Separation: For completeness, the site specific
considerations describe a slurried soil separation process only, when physical waste rock
separation using screens and grizzlies is more commonly used. However, based on the waste
rock characteristics, it is agreed that separation will likely not be effective at this site and should
be eliminated.

Table 4-3. “Annual” Runoff Discharge category: the notes on this table indicate that these
measurements are typically made in May. This appears to be a yearly “peak” discharge
measurement rather than an annual discharge (e.g., total for the year)? Please clarify.

Table 4-4. Retention Basins / Serpentine Channels: Both of these process options for the
Containment GRA claim a benefit of trapping sediment. However, how will high flow events
that are likely to remobilize the trapped sediment be addressed? Through routine O&M and
sediment removal?

Table 4-4. Include the footnote for the “(1)” superscript.

Table 4-4. Delete “Ex-Situ Treatment (continued)” or move to next page and add to all other
tables accordingly.

Table 4-5. Monitored Natural Recovery: It is not clear from the table’s description of how the
“natural recovery” process is to occur. Is it assumed that once the upstream sources of
contaminated sediment / runoff are remediated that “clean” sediment will be distributed on top of
the current contaminated sediment and then somehow plants will grow up through this newer
clean sediment and that their rooting systems will no longer be exposed to the underlying
contaminated sediment. Please provide a clear description of how the natural recovery
mechanism is envisioned to work, in both text and table.

Table 4-5. Sediment / Riparian Soils: if the risk concern is for current / future Native Americans
eating aquatic plants that are growing in contaminated sediment, it seems appropriate that the
“Removal” process option also include a replacement with clean sediment and replanting of the
aquatic vegetation species. Was this not considered?

Table 4-6. The regarding / capping source control approach for contaminated groundwater
plumes: This approach may reduce future contaminants from entering the groundwater, but does
nothing for the current plume of contaminated water. Perhaps regrading / capping can be a
component for groundwater remediation when paired with another process option. Please
describe how regrading / capping addresses the current groundwater plumes.

Table 4-6. Change “Surface Water use” to “groundwater use.”

Table 4-6. In line 2, define “UIC.”

Table 4-6. Delete “Chemical Treatment.”

Table 4-6. Add a cell with “Thermal” in the same row as “Thermal Desorption.”

Tables 5-1 & 5-2. Include a footnote similar to the footnote in Table 5-3.
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Table 5-1. In line 3, insert “be” to read “may not be appropriate.”

Table 5-2. Change page number to 1 of 1.

Table 5-2. In line 1, change “like” to “likely.”

Table 5-3. Increase the cell size or revise the paragraph spacing to include all the language.

Table 5-4. Delete decision rationale related to administrative challenges for discharge to surface
water, reference that limits would be “overly stringent,” or characterization that access across
private lands is a technical issue. Permits would not be needed for discharge of effluent, although
equivalent restrictions (similar to effluent limitations) would still need to be developed. Also,
this would not preclude discharge to tributary streams, such as has been implemented during the
treatability study.

Appendix A. It is difficult to replicate the RBCLs, so as during the review of the BRA, it would
be useful to for P4 to provide the actual calculation tables to review the inputs and equations.
Please provide all or at least some example tables for review.

A2.2. According to this section, PCLs were not calculated for seasonal ranchers because it was
determined to not be a high risk receptor. However, Table 2-2 of the main text indicates that risk
to seasonal ranchers is high (HI>40) through the consumption of cattle. How will this be
addressed in the FS?

A2.1.2. RBCLs are called out as risk based screening levels, which should be revised to be risk
based cleanup levels. Also, see comments above regarding terminology and use of PRG rather
than PCL at this stage of the process.

A2.2. There are several mentions of using the linear relationship between measured soil and
plant tissue concentrations for the calculation of RBCLs, however it remains unclear how these
were developed. Is it based on site-wide means, site-wide 95% UCLs, etc.? Clarification is
necessary to complete the review of the RBCLs. This also occurs for other relationships

(e.g., soil to invertebrates and vertebrates) with some describing using the Microsoft Excel
Solver tool. Essentially, insufficient information has been provided in Appendix A to understand
the inputs and methods used for calculating the RBCLs.

A3.4. The last sentence does not make sense and probably should be changed from “for riparian
sediment, only” to “for riparian soil, only.”

Table A-1. The uranium RBCL for elk consumption by Native Americans is nonsensical as there
cannot be more than 1 million mg in a kg. Revision is necessary.

Appendix B

B.2.3.1. Explain why if soil caps have limited effectiveness would you expect soil caps to “may
reduce if not eliminate leaching?”

B.3.6.1. Change to “Solid / water separation is not retained as standalone ...”
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B.3.7.1. Reword the sentence beginning with “The biological processes ...” as it reads
awkwardly.

B.4.4. Change to “which would require additional.”

B.5.2.1. Change to “applicable to all the areas.”

B.5.5.1. Change to “For the alluvial system, the technology would likely have ...”
B.5.5.2. Change to “May be a viable technology ...”

B.5.6.1. Delete “and” to read “COCs including sulfate and TDS.”

Page 14 of 18
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March 2015

Editing Comments

General Editing Comments

document.

For consistency ensure there is a following comma to read “e.g.,” and “i.e.,” throughout the

Be consistent as to whether it is “snow melt” or “snowmelt.”

Be consistent on use of a hyphen for “in-situ,” and “ex-situ.”

Be consistent on use of a hyphen and capitalization for “Site-specific.”

Check all instances to see if “off-Site” or “off Site” is correct.

Revise accordingly.

Generally “whereas,” like “however,” is preceded by a semi-colon when separating clauses.

Section Page |Paragraph Specific Editing Comments
1.1 1-1 1 Change to “Shoshone-Bannock Tribes
(Tribes).”
2.0 2-1 1 Change to “COCs / COECs.”
233 2-8 5 (last) Change “shown and” to “shown in.”
24 2-9 Bullet 1 Change “Drink” to “Drinking.”
3.2.1 3-1 Quoted language Unless it is how it appears in the quote, change
o ”and “...” to ellipses.
Table 4-6 |1 of 4 |Row Containment / In line 3, delete the second “in the.”
Vertical Barriers /
Extraction Trenches
Table 4-6 |2 of 4 |Row Removal and In line 3, delete the second period.
Disposal / Disposal /
Recycle / Reuse
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Section Page |Paragraph Specific Editing Comments
Table 4-6 |3 of 4 |Row 1 (non-header rows) [Delete the line between Physical and Chemical
Treatment Technologies as they are all Ex-Situ
Treatments.
Table 4-6 (3 of 4 |Row Ex-Situ Treatment/ [In line 3, insert a period between “effluent” and
Physical / Membrane “Membrane.”
Technologies (RO / ED /
NF)
Table 4-6 |3 of 4 |Row In-Situ Treatment/ |[In line 5, insert “in” to read “resulting in long-
Chemical / Chemical term.”
Injection (Oxidation /
Hydrolysis)
5.0 5-1 Bullet 2 Italicize ‘RI/ FS Guidance” for consistency.
(Implementability
Evaluation
A2.22 A2-3 Change “Native America” to “Native
American”
B.2.3.1 B-5 Implementability Change to “COCs / COECs.”
B.3.4.1 B-15 |2 (last) Change “pond” to “ponds.”
B.3.4.1 B-16 |Decision Rationale Change “like” to “likely.”
B.3.6.1 B-23 | Site-Specific Change “efficiently” to “efficiency.”
Considerations
B.3.6.3 B-27 |Site-Specific Change “basins” to “basin.”
Considerations
B.4.2.1 B-32 |Bullet 2 Fencing Change to “COCs / COECs.”
B.4.2.2 B-35 |1 (partial) Insert a hyphen to read “(pre-remedial action).”
B.4.4 B-42 |Bullet 2 Change “soil” to “soils.”

Page 16 of 18




Feasibility Study Tech Memo #1 for P4’s Ballard Mine
March 2015

Section Page |Paragraph Specific Editing Comments
B.5.1 B-42 |Cost Underline “Cost:” for consistency.
B.5.2.2 B-44 |1 Change “need” to “needs” for subject-verb
agreement.
B.5.2.2 B-45 |2 Change “appropriate candidates” to
“appropriate candidate.”
B.5.4.1 B-48 |Implementability in the |Change “formation” to “Formation.”
Wells Formation
B.5.6.1 B-59 |Site-Specific Change “efficiently” to “efficiency.”
Considerations
B.5.6.1 B-60 |Site-Specific Change “efficiently” to “efficiency.”
Considerations
B.5.6.1 B-61 |Partial bullet Change “each technology in this group have
unique” to “each technology in this group has
unique” for subject-verb agreement.
B.5.6.1 B-61 |Decision Rationale Change “blended” to “blending.”
B.5.6.4 B-65 |Cost Insert a comma to read “(alluvial and / or Wells
Formation),” for consistency.
B.5.7.1 B-70 |Decision Rationale Delete “via.”
B.5.7.2 B-70 |1 Change “principals” to “principles.”
B.5.7.2 B-70 |1 Insert “for” to read “favorable conditions for
biological treatment with native bacteria.”
B.5.7.2 B-70 |2 Delete the comma to read “cadmium and
selenium ...”
B.5.7.2 B-71 |Site Specific Change “character of the groundwater systems
Considerations are” to “character of the groundwater systems
is” for subject-verb agreement.
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March 2015
Section Page |Paragraph Specific Editing Comments
References |B-72 | Smolen citation Change period to comma to read “A.L. Lanier,

1988.” for consistency.

References |B-73 |USEPA.2003 citation Change period to comma to read “USEPA,
2003.” for consistency.
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Ballard Mine Feasibility Study Technical Memorandum 1, Draft Rev 0,
March 2015

Transmitted to P4 on May 28, 2015
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a1 prov® 950 West Bannock, Suite 900
Boise, Idaho 83702

May 28, 2015

Molly R. Prickett
Environmental Engineer
Monsanto Company

Soda Springs Operations
1853 Highway 34

Soda Springs, Idaho 83276

Re: A/T supplemental comments on potential ARARs identified in P4’s Ballard Feasibility
Study Technical Memorandum 1 (March 2015)

Dear Ms. Prickett,

The Agencies and Tribes (A/T) have reviewed the above referenced deliverable, submitted
pursuant to the Administrative Settlement Agreement and Order on Consent/Consent Order for
Performance of Remedial Investigation and Feasibility Study at the Enoch, Henry, and Ballard
Mine Sites in Southeastern Idaho (or 2009 AOC). Previously, comments were submitted on the
entire technical memorandum 1 (TM1), with the exception of the section on ARARSs. This letter
transmits supplemental comments on potential ARARs that were identified in TM1.

Comments

In TM1, information on ARARs was summarized in a table with limited introductory text.
Please include additional introductory text providing some additional context, along the
following lines: 1) that the table presents requirements that are tentatively identified as ARARS
for the site; 2) potential ARARs will be used in the FS for a couple of uses, including developing
PRGs and for use as threshold criteria against which remedial alternatives will be evaluated; 3)
potential ARARs in this FS are not binding; 4) final ARARs (as well as final RAOs and cleanup
levels/remedial goals) will be developed from the evaluations presented within the FS and set
forth in the ROD, and used as performance standards for remedial design and subsequent
remedial actions.

In the attachment to this letter we are providing additional comments on specific ARARS,
including additional level of detail on the description of previously identified ARARs that would
be appropriate and useful to include, as well as a few additional potential ARARS that were not
included in TM1 (including ARARS/TBCs pertaining to radiological contaminants, and the
Shoshone-Bannock Tribes Soil Cleanup Standards). The information included in the table is
intended to supplement the table in TM1 (rather than replace it).

In addition, the ARAR description column should include enough information that readers will

ﬁ Printed on Recycled Paper



quickly understand how it would pertain to actions or alternatives that are contemplated. For
ARARs that may drive development of alternatives or elements to be included in alternatives,
additional detail may be appropriate. Suggested language for several potential ARARS is
included.

As you review the table, you will note that we have added a column for project-specific
information. This column may include information on whether or how an ARAR might apply
under the circumstances presented at Ballard. Some of the information presented in the existing
ARAR description column should be moved to this new column.

We will be available to discuss and clarify these comments during our next conference call, and
could also arrange for a separate call or meeting to discuss comments. Please contact me if you
have questions. | can be reached at 208-378-5763 or electronically at tomten.dave@epa.gov.

Sincerely,
I1sl/

Dave Tomten
Remedial Project Manager

Attachment

cc: Mike Rowe, IDEQ - Pocatello
Sandi Fisher, US FWS - Chubbuck
Kelly Wright, Shoshone Bannock Tribes
Susan Hanson (for the tribes)
Mary Kaufman, FS — Pocatello (electronic version only)
Colleen O’Hara-Epperly, BLM (electronic version only)
Vance Drain, MWH (electronic version only)
Cary Faulk, Integrated-Geosolutions (electronic version only)
Talia Martin, Shoshone Bannock Tribes (electronic version only)
Bob Blaesing, BIA (electronic version only)
Dennis Smith, CH2MHill (electronic version only)
Gary Billman, IDL - Pocatello (electronic version only)
Jeremy Moore, US FWS — Chubbuck (electronic version only)
Charles Allbritton, EPA Records Center (electronic version only)
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Statutes, Regulations,
Standards, or
Requirements 2

National Historic
Preservation Act (NHPA)

Comments on the level of detail for ARARs and new potential ARARSs and TBCs

Citations or
References P

16 USC §470f

36 CFR Parts 60, 63,
and 800

40 CFR § 6.301

Ballard Mine Site

General Description

A requirement for a property included in or
eligible for the National Register of Historic
Places. The NHPA requires federally funded
projects to identify and mitigate impacts of
project activities on properties included in or
eligible for the National Register.

This statute and implementing regulations
require federal agencies to take into account the
effect of this response action upon any district,
site, building, structure, or object that is included
in or eligible for the National Register of Historic
Places (generally, 50 years old or older).

If cultural resources on or eligible for the national
register are present, it will be necessary to
determine if there will be an adverse effect and,
if so, how the effect may be minimized or
mitigated, in consultation with the appropriate
State Historic Preservation Office.

Site-Specific Comments

NHPA may be a potential ARAR
within site boundaries if historic or
archeological sites are found to be
present.

In addition, may be an ARAR in the
case where land is disturbed outside
of current site boundaries (e.g.,
borrow areas).

Potentially
Applicable
or
Relevant
and
Appropriate
or
TBC

Chemical
Location
or
Action-
Specific

Action
Potentially and
Applicable | location-

specific




Statutes, Regulations,
Standards, or
Requirements 2

Archaeological and Historic
Preservation Act

Citations or
References P

16 U.S.C. 469

40 CFR 6.301(c)

General Description

The Archaeological and Historic Preservation Act
requires that for federally approved projects that
may cause irreparable loss to significant
scientific, prehistoric, historic, or archaeological
data, the data must be preserved by the agency
undertaking the project or the agency
undertaking the project may request DOI to do
so.

This statute and implementing regulations
establish requirements for the evaluation and
preservation of historical and archaeological
data, which may be destroyed through alteration
of terrain as a result of a federal construction
project or a federally licensed activity or
program.

Site-Specific Comments

If archaeological resources are
identified, this act may be a
potentially relevant and appropriate
ARAR.

Potentially
Applicable
or
Relevant
and
Appropriate
or
TBC

Applicable

Chemical
Location
or
Action-
Specific

Location
and
action-
specific

RCRA: Subtitle C—
Exemption for Extraction,
Beneficiation and
Processing Mining Waste

40 CFR 261.4(b)(7)

EPA exempts mining wastes from the extraction,
beneficiation, and some processing of ores and
minerals, in accordance with the Bevill
amendment to RCRA.

Waste rock at the mine sites may
meet this exemption.

Applicable

RCRA: Subtitle C—
Hazardous Waste
Characteristics

40 CFR 261.20

Generators of solid waste must determine
whether the waste is hazardous. A solid waste is
hazardous if it exhibits the toxicity characteristic
(based on extraction procedure Method 1311).

Applicable to solid waste generated
during remediation.

Applicable

Water Quality Standards

CWA Section 304(a)
40 CFR Part 131

Section 304 of the federal Clean Water Act (33
U.S.C. § 1251) requires that individual states
establish water quality standards for surface
waters. The implementing regulation establishes
the Ambient Water Quality Criteria, which are the
minimum requirements for state water quality
standards that are protective of aquatic life.
Under CERCLA, water quality criteria for the
protection of aquatic life are considered relevant

Relevant
and
Appropriate

Chemical-
specific




Statutes, Regulations,

Standards, or
Requirements 2

Citations or
References P

General Description

and appropriate for actions that involve surface
waters or groundwater discharges to surface
waters. The federal water quality standards are
developed for states to use in development of
water quality criteria that incorporate designated
uses for specific surface water bodies. The State
of Idaho has adopted the federal water quality
criteria. Where numeric state water quality
standards have not been promulgated, federal
numeric water quality standards are considered
relevant and appropriate standards.

Federal Ambient Water Quality Criteria have
been established for short-term exposures (acute
criteria) and for long-term exposures (chronic
criteria) for protection of aquatic biota.

Potentially
guBlcabie Chemical
or .
Relevant Location
Site-Specific Comments or

A ra:driate Action-
pprop Specific

or
TBC

Clean Water Act/Water
Pollution Control Act

33 U.S.C. 1251

These regulations govern water quality, including
water discharged as part of a remedial process.
Section 307—Pretreatment regulations under 40
CFR Part 403 provide for limits on discharge to a
sanitary sewer system, protecting the municipal
system from accepting wastewater that would
cause it to exceed its NPDES permit discharge
limits.

Section 401—Water Quality Certification requires
that EPA receive a water quality certification
from a state that a given project requiring a
federal permit that may result in a discharge to
navigable water will comply with the state’s
water quality standards.

Section 402—The NPDES program establishes a
comprehensive framework for addressing waste
water and stormwater discharges under the
program. Requires that point-source discharges

Relevant
and Action-
Appropriate | SPecific




Statutes, Regulations,
Standards, or
Requirements 2

Citations or
References P

General Description

Potentially
AppI:;abIe Chemical

Relevant Location
Site-Specific Comments or

A ra:driate Action-
PP o': Specific

TBC

not cause the exceedance of surface water
quality standards outside the mixing zone.
Specifies requirements under 40 CFR 122.26 for
point-source discharge of stormwater from
construction sites to surface water and provides
for Best Management Practices such as erosion
control for removal and management of
sediment to prevent run-on and runoff.
Bald and Golden Eagle 16 USC 668 et seq. Prohibits any person from knowingly possessing
Protection Act 50 CFR 22 or harming a bald or golden eagle, part o.f or Applicable | Location
complete nest, egg or part of without being
permitted to do so.
Fish and Wildlife 16 USC 661 et seq., |Requires Federal Agencies involved in actions
Coordination Act 16 USC 1531 - 1566 |that will result in the control or structural
40 CFR 6.302(g) modification of any natural stream or body of Applicable | Location
water for any purpose, to take action to protect
the fish and wildlife resources that may be
affected by the action.
Endangered Species Act 7 USC 136 Federal Agencies are prohibited from
(ESA) 16 USC 460 jeopardizing threatened and endangered species Location
16 USC 1531 et seq. |or adversely modifying habitats essential to their Aoplicabl (habitat);
40 CFR 6.302 survival. Requires consultation with the Service ppiicable Action
50 CFR 402 charged with protection the listed species. (species)
Migratory Bird Treaty Act |16 USC 703 et seq. Taking, killing, possessing migratory birds is Applicable Action
unlawful.
Federal Land Policy and Public Law 94-579, |Contracts negotiated between the mine
Management Act (FLPMA) [43 U.S.C, et. seq.) operators and the U.S. Department of the
and the Mineral Interior. Lessee must carry on all operations in Applicabl Locati
Leasing Act (30 U.S.C. |accordance with approved methods and practices pplicable ocation
§ 181) in regulations |as provided in the operating regulations, and the
at 43 CFR 3500, and |approved mining plans in a manner that




Statutes, Regulations,
Standards, or
Requirements 2

Citations or
References P

specific terms and
conditions as
contained in the
individual mineral
leases and rights-of-
way

General Description

minimizes adverse impacts to the land, air, and
water, to cultural, biological, visual, minerals, and
other resources, and to other land uses or users.

Potentially
guBlcabie Chemical
or .
Relevant Location
Site-Specific Comments or

A ra:driate Action-
pprop Specific

or
TBC

Fort Bridger Treaty 1868

15 Stat 673

Established the Reservation as a "permanent
home" for the signatory tribes. Established
reserved off-reservation hunting, fishing and
gathering rights to the tribes, these rights are
exercised on public lands throughout the State of
Idaho.

TBC Location

Mineral Leasing Act

30 USC § 181 et seq.,
and 43 CFR 3500-
3599

Regulates leasing, mining, processing and
reclamation of federally owned phosphate
deposits. Prevent unnecessary or undue
degradation of public lands by operations
authorized by the mining laws.

Applicable Action

U.S. Bureau of Land
Management Record of
Decision and Pocatello
Resource Management
Plan (April 2012)

40 CFR 1508.27

To sustain the health, diversity, and productivity
of the public lands. The plan provides objectives,
land use allocations, and management direction
to maintain, improve, or restore resource
conditions and provide for the economic needs of
local communities over the long term. The plan
applies to BLM Managed public lands and split
estate lands where minerals are federally owned
in southeast Idaho.

Action
Applicable and
Location

Mine and Reclamation
Plans

Operation Plans that are approved subsequent to
issuing the lease at a time after mining is
proposed. Establish mine plans and reclamation
requirements.

TBC Location




Potentially

AppI:;abIe Chemical

L. Location
Citations or o ) e Relevant
. General Description Site-Specific Comments or
References and

Statutes, Regulations,

Standards, or
Requirements 2 Action-

Appropriate
or
TBC

Specific

Additional Potential Tribal ARARs

Shoshone-Bannock Tribes |Tribal Resolution Soil Cleanup Standards for Contaminated ARAR status depends on land

Environmental Waste ENVR-2011-0022 Properties. ownership, and whether Tentatively |Chemical,
Management Program. January 6, 2011 requirements are determined to be Relevant and
Soil Cleanup Standards for more stringent than federal and Action-
Contaminated Properties, requirements. Appropriate | specific

December 2, 2010.

Additional Potential ARARs related to radioactive contaminants

Establishment of Cleanup |OSWER No. 9200.4- |Clarifying guidance for establishing protective

Levels for CERCLA Sites 18, August 22,1997 |cleanup levels for radioactive contamination at TBC
with Radioactive CERCLA sites. Attachment A lists likely Federal

Contamination ARARs for Superfund response actions.

Performance objectives for |10 CFR 61.41

the land disposal of low Relevant
level radioactive waste and_
(LLW). Appropriate
National Emission 40 CFR 61

Standards for Hazardous Subparts H and | Relevant
Air Pollutants (NESHAPs) and
under the Clean Air Act, Appropriate

that apply to radionuclides.

a Statutes and policies, and their citations, are provided as headings to identify general categories of potential ARARs for the convenience of the reader. Listing the statutes and
policies does not indicate acceptance of the entire statutes or policies as potential ARARs; specific potential ARARs are addressed in the table below each general heading. Only
substantive requirements of the specific citations are considered potential ARARs.

b Only the substantive provisions of the requirements cited in this table are potential ARARs



¢ The preamble to the NCP indicates that state regulations that are components of a federally authorized or delegated state program are generally considered federal requirements
and potential federal ARARs for the purposes of ARARs analysis (55 Fed. Reg. 8666, 8742 [1990]).



APPENDIX C-3
P4 Responses to A/T Comments (dated May 15, 2015) on P4’s Ballard
Mine Feasibility Study Report, Memorandum 1 — Site Background and
Screening of Technologies, Draft Rev 0, March 2015

Submitted to A/Ts on June 10, 2015



Leah Wolf Martin

From:
Sent:
To:

Subject:
Attachments:

Dear Dave et. al.,

Vance Drain <Vance.K.Drain@mwhglobal.com>

Wednesday, June 10, 2015 3:43 PM

Tomten, Dave; PRICKETT, MOLLY [AG/1850]; Bruce Narloch; Bruce Olenick; Cary Foulk
(cfoulk@integrated-geosolutions.com); Celeste Christensen; Colleen O'Hara-Epperly;
COOPER, RANDALL LEE [AG/1000]; Dennis Smith (dennis.smith2@ch2m.com); Eldine
Stevens; Gary Billman; Jeff Cundick; Jeff Schut; jeffrey.fromm@deg.idaho.gov; Jeremy
Moore (jeremy_n_moore@fws.gov); Wallace, Joe; Kelly Wright; Leah Wolf Martin
(leah@wolfmartininc.com); LEATHERMAN, CHRIS R [AG/1850]; Edmond, Lorraine; Mary
Kauffman; Michael Rowe; Randy Vranes; robert.blaesing@bia.gov; Sandi Fisher;
Shephard, Burt; Stifelman, Marc; Stumbo, Sherri A -FS; susanh@ida.net;
tamartin@sbtribes.com; Trina Burgin; Anthony Magliocchino; Michael Gronseth

P4 Responses to A/T Comments on Draft Ballard FS Memo #1(Rev 0)

P4 RTCs compiled comments on FS TM1 (06-10-2015).docx; P4 RTCs compiled
comments on FS TM1 (06-10-2015).pdf

In an attempt to keep the completion of the Ballard Feasibility Study TM#1 moving forward, we are providing responses
to the A/T comment (RTCs). Embedded in the attached RTC document is an example single index plot depicting
selenium concentrations both in the background formations and in upland soil samples collected throughout the Ballard
Mine. Also the USL, UCLs, and other summary statistics are displayed on this index plot.

Please let us know if you have any questions or concerns regarding these RTCs, and we can discuss any issues you may
have during the next bi-weekly call.

Best Regards,

Vance

PS Also note that responses to ARAR comments will be forthcoming.



P4’s Response to A/T Comments on FS Tech Memo #1 for Ballard Mine - Draft Rev0
June 10, 2015
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P4’s Responses to A/T Comments dated May 15, 2015
on the
Feasibility Study Technical Memorandum for P4's Ballard Mine Draft Revision 0, March 2015

General Comments

GCH#1. Please revise terminology and use the term preliminary remediation goal (PRG) in the
document rather than proposed cleanup level (PCL). Use of “PRG” mirrors the language in the
NCP and is consistent with practice within EPA Region 10. In the Record of Decision phase, the
“PRG” nomenclature (and sometimes the value itself) will be changed (and locked in) to the
term “Cleanup Level” or “Remediation Goal.”

P4 Response (GC#1): At CERCLA sites, preliminary remediation goals (PRGs) typically
are ““specific statements of desired endpoint concentrations of risk levels (55 FR 8713,
March 8, 1990) that are conservative, default endpoint concentrations used in screening
and initial development of remedial alternatives before consideration of information from
site specific risk assessments”. In accordance with the NCP (see 40 CFR
8300.430(e)(2)(i)(A)), PRGs are generally at the low end of the risk range and typically
are used in screening and initial development of remedial alternatives before
consideration of more detailed information from the site-specific risk assessment
(OSWER 9200.3-56).

Per DOE guidance on development of remediation goals (RGs) under CERCLA
(DOE/EH-413/9711, 1997)), PRGs are typically based on the upper bound carcinogenic
risk of one in a million (10-6) or a hazard quotient of one. PRGs can be proportionally
adjusted upward to become RGs for a higher acceptable carcinogenic risk or hazard
level to account for the conservatism inherent in the PRGs (i.e., toxicity values and
exposure assumptions). Specifically, the RG can be based on a 10-4 cancer risk and still
be within the NCP’s acceptable range (10-4 to 10-6) for carcinogenic risk. Similarly, the
RG for a noncarcinogen can be several times higher than the corresponding PRG based
on the uncertainty factor associated with the reference dose and exposure factors. In the
Ballard Mine RI Report (MWH, 2014), PRGs were used for nature and extent and risk
assessment screening evaluations.

In the Draft Ballard Mine FS Memo #1 (FS Memo #1), site-specific risk-based cleanup
levels (RBCLs) were calculated for soil and sediment media using the same human and
ecological receptors, exposure pathways and exposure assumptions that were used
during the evaluations in the Ballard BRA included in the Ballard Mine RI Report. The
human and ecological receptors with the highest risk (most conservative) for each COC
and COEC were identified in the BRA. Then Site-specific RBCLs were calculated based
on a target cancer risk of 1E-04 for human receptors, and a non-cancer HQ of 1.0 for
human and ecological receptors. These RBCLs in addition to background values (BTVs)
were used to develop the preliminary cleanup levels (PCLs).
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As discussed in GC #2 below, P4 is proposing to remove the additive approach in
developing PCLs. The revised PCLs will be set at the higher of either the RBCL or BTV
for each constituent in soil and sediment media. These values are not the same as PRGs,
therefore P4 is proposing, as discussed during our call with you on June 1, 2015, to
continue referring to these values PCLs because of where we are in the CERCLA
process. Based on your comment, P4 will include text to clarify that ““the PCLs will not
be final until the Record of Decision (ROD)™.

GC#2. In draft Tech Memo #1, P4 proposed establishing soil PRGs = RBCL+BTV. This
approach is a non-starter as it would set soil PRGs above upper threshold levels of the
background data set, and because there is no support for this approach in policy or guidance. See
also specific comments on this approach below. For soil, the methodology for establishing PRGs
is a typically a step-by-step process involving first calculating concentrations of COCs in soil at
an acceptable risk level (RBCLs), and then modifying the risk-based levels by considering
ARARs, target risk range for various receptors, technical limitations, uncertainty, and other
factors including background. There is no rigid formula for this analysis, and the process must
consider a variety of factors to achieve risk management goals. In this case, because RBCLs are
low relative to background, consideration of background will be a key driver in establishing soil
PRGs.

At this point, based on the information provided, the A/ T is not prepared to provide specific
direction on a methodology for establishing soil PRGs. To advance this issue toward resolution,
we believe it would be appropriate to consider some additional information or graphical
presentation of existing information.

Specifically, we are requesting:

e RBCLs for all COCs for other human health exposure scenarios (in addition to residential
scenario), and for all ecological receptors (in addition to the most sensitive).

e Index plots of key COCs grouped by subpopulations with potential decision statistics
displayed.

e Summary table reporting USLs, UPL, and UTLs for various COCs to illustrate differences.

e A description of how soil PRGs would be applied using the amount and type of data
available to make cleanup decisions, in terms of decision rules.

This information will provide additional insight that will allow for more informed and balanced
risk management decisions. Proposed decision rules regarding application of PRGs will need to
consider the potential for uptake by veg over an appropriate soil depth and consider how
variability over a source area (including presence of hot spots) would be handled.

P4 Response (GC#2): Based on the A/T comment, P4 is proposing that preliminary
cleanup levels for purpose of evaluating alternatives in the FS are based on the higher of
the lowest RBCL or background value.



P4’s Response to A/T Comments on FS Tech Memo #1 for Ballard Mine - Draft Rev0
June 10, 2015
Page 3 of 33

Bullet #1: The soil RBCLs in the current memorandum are based on the most
conservative receptor and, and the lowest soil RBCL for a given COC/COEC is typically
lower than background. As a result, PCLs for most of the COCs/ROCs are based on
background values. P4 proposes to calculate soil RBCLs only for key human health
receptors (i.e., seasonal rancher, recreational hunter and camper/hiker) and for key
COCs/ROCs.

Bullet #2: Agreed. P4 will provide index plots for a few key soil COCs/ROCs/COECs, as
described in the e-mail from Dave Tomten to Molly Prickett, dated June 3, 2015. An
example is provided on the next page.

Bullet #3: Agreed. A summary table comparing statistical parameters (e.g., USLs, UTLs,
and UCLs) for metals concentrations in upland background soil will be provided.

Bullet #4: Details of the anticipated confirmation sampling program (e.g., how soil
sample and other data collected during the RA will be evaluated against the ROD-
approved cleanup levels) typically are defined during the preparation of in the RA Work
Plan (following approval of the Final Remedial Design). Therefore, we believe it is
premature to define ““possible” decision rules before the Site remedy is selected and the
appropriate decision rules can be defined based on the Selected Remedy.
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GC#3. Revise TM#1 to fully incorporate results from the Tier | Ballard Mine Radiological Risk
Calculations, which showed that risks to humans are driven by Radium. In addition, the next
version of TM#1 should present RBCLs and proposed PRGs for radiological COCs.

P4 Response (GC#3): Agreed. FS Memo #1 will be revised to include a description of
the results and a summary table of Tables 2 through 5 from the Final Ballard Mine
Baseline Risk Assessment Addendum (February 2015). The next version of the FS Memo
#1 will also present RBCLs and PCLs for radionuclides of concern (ROCs).

GC#4. There are various statements throughout the document regarding potential bias in the
background soil data set. The next version of TM should be revised to include the new
provisional background soil data and summary statistics, with a note that the background report
is not yet final. Inclusion of this information eliminates the need to speculate regarding bias.
Please delete speculative statements regarding potential bias.

P4 Response (GC#4): Agreed. FS Memo #1 text will be revised to remove statements
regarding potential bias in the background datasets and reference results from the 2014
radiological and background investigation, as applicable. FS Memo #1 also will be
revised to include the provisional background upland soil results for the 95% USL and
the previous background levels will be removed from Table 3-7. The summary statistics
(95% UCL, 95% USL, and 95% UTL) for background soils will be included the
Radiological/Background Report.

GC#5. Considering empirical radiological data were obtained in 2014, the speculative statements
about modeling from uranium and background radionuclide levels need to be removed from
subsequent drafts of the FS memoranda, and replaced with discussion comparing findings from
2014 characterization work with results from secular equilibrium modeling.

P4 Response (GC#5): Agreed. FS Memo #1 will be revised to remove statement
regarding the uncertainty pertaining to background concentration and risk estimates for
uranium based on secular equilibrium modeling. The revised memo also will include a
discussion of the 2014 characterization work and a qualitative/semi-quantitative
comparison of risk estimates based on the 2014 data and secular equilibrium modeling.

GC#6. Where Vegetation is considered a secondary media, it should be discussed how the
remedial technologies will impact COC / COEC levels in vegetation.

P4 Response (GC#6): FS Memo #1 will be revised to include a discussion of how
remedial technologies will impact COC/COEC levels in vegetation.

GC#7. We note that the Area-Wide study (IDEQ 2001) is only mentioned in historical
references, and the RI appropriately relied primarily on site specific information. Please note
that Tribes have requested that data from the study not be used.
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P4 Response (GC#7): Comment noted. Results of the Area-Wide study have been
historically referenced and will be used in future documents for only comparative
purposes during the RI/FS process.

GC#8. ARARs — In the interest of getting comments out on TM#1, these comments include only
limited comments on ARARs. The A/ T intend to provide additional comments on potential
ARARs in the coming weeks, as potential ARARs are identified and compiled. We anticipate
that comments will be provided within the next two weeks.

P4 Response (GC#8): Comment noted. Additional comments on ARARs will be
incorporated into the revised FS Memo #1.

Specific Comments

SC-1 TOC. Add list of appendices and an Acronyms and Abbreviations section to the Table of
Contents.

P4 Response (SC-1): FS Memo #1 will be revised to include the list of appendices and
the acronyms and abbreviation section.

SC-2 1.1. Both the BLM and the US Fish and Wildlife Service are in the Department of
Interior. Please correct the paragraph to make this fact more explicit.

P4 Response (SC-2): FS Memo #1 will be revised to clarify that both the BLM and US
Fish and Wildlife Service are in the Department of Interior.

SC-3 1.2. Delete the second “for each.”
P4 Response (SC-3): The text will be revised per the comment.

SC-4 1.3.1. Suggest moving discussion of risks and future land uses at the Shop Area to 2.3.1.
(Starting with “The Ballard Shop was investigated....” through end of section 1.3.1.)

P4 Response (SC-4): The details of the Ballard Shop Area in Section 1.3.1 will be
incorporated in Section 2.3.1. However, text will be included in Section 1.3.1 to state
that the Ballard Shop will be addressed in the future and reference that additional details
regarding the Ballard Shop Area are provided in Section 2.3.1.

SC-5 1.3.2. Revise to clarify that Monsanto (not P4) owned and operated the plant and mine
during the operational phase of the project.

P4 Response (SC-5): The text will be revised per the comment.
SC-6 1.4. Delete “and” to read “(5) geology, (6) hydrogeology.”
P4 Response (SC-6): The text will be revised per the comment.

SC-7 1.4.6. Insert “and” to read “generally unconfined and may interact.”
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SC-8

SC-9

SC-10

SC-11

SC-12

SC-13

P4 Response (SC-7): The text will be revised per the comment.
1.4.6. Change to “Dinwoody Formation.”
P4 Response (SC-8): The text will be revised per the comment.

1.4.7. Please visit the Idaho Fish and Wildlife Office web site to access the most current
Endangered Species information (http: / / www.fws.gov / idaho / species /
IdahoSpeciesList081414.pdf). Only Canada lynx are Federally listed in Caribou County;
the greater sage-grouse are a candidate species.

P4 Response (SC-9): The text will be revised per the comment.

1.4.8. The land use section provides a general discussion on uses around the area,
however more specifics on adjacent ranch properties (where site-related contamination is
known to have migrated) should be added. In addition, add language describing the
potential for use of Site by Tribes, such as: “the Ballard Mine is located in the vicinity of
federal lands where there are tribal cultural activities, specifically hunting and gathering.”
Also revise to indicate that the scattered ranches and farms in the area use groundwater
for domestic use.

P4 Response (SC-10): Text in Section 1.4.8 will be revised to clarify the land use of
adjacent ranch properties. Also, to be consistent with Section 2.9 of the Ballard Mine RI
Report, the text will also include the following: ““In the valleys surrounding the mined
areas, groundwater is primarily used for livestock watering, limited domestic use, and
mine site water supply.”

2.1. In various places in section 2.1 the narrative refers to “screening levels” for various
media. To assist reader, please define at first usage to avoid potential confusion.

P4 Response (SC-11): The first usage of screening levels in Section 2.1 will be further
defined and reference the screening levels used in the Ballard Mine RI Report.

2.1. Reword as the sentence reads awkwardly especially “...leading from the Site as
shallow groundwater plumes leading from the source area.”

P4 Response (SC-12): The sentence will be revised as follows: ’Water can continue
downward through the mine dump, infiltrate into the underlying shallow groundwater
and then appear as seeps in the stream channels leading from the Site or as shallow
groundwater plumes leading from the source area.”

2.1.1. First sentence — “Concentrations of most constituents in the upland soil samples
collected across waste rock dumps, mine pit backfill, and the haul road are elevated
above screening and background levels, for several metals / metalloids.”: State what the
screening level is and its basis and the range that the COCs are above the screening and
background levels. This comment also pertains to other media that describe sample
results above screening / background levels.
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SC-14

SC-15

SC-16

SC-17

SC-18

SC-19

SC-20

P4 Response (SC-13): The nature and extent of contamination and comparison of Site
concentrations to screening levels are completely detailed for each medium in Section 4.0
of the Ballard Mine RI Report. The objective of Section 2.1 of FS Memo #1 is to present
a high-level summary of the nature and extent for each medium. A reference to
applicable sections within the Ballard Mine RI Report will be included in Section 2.1 for
each of the various media.

2.1. Note presence of radiogenic elements in the waste materials, and associated nature
and extent of daughters including radon gas and gamma.

P4 Response (SC-14): All sections of the FS Memo #1 will be revised, as necessary, to
include a discussion of ROCs.

2.1. The “key findings” of the nature and extent of contamination needs to also describe
whether contamination has migrated off the mined areas and off the P4 property.

P4 Response (SC-15): For several of the medium-specific summaries in Section 2.1, a
sentence or two is included that describes downstream (i.e., off of P4 property)
conditions. However, it will be further clarified where impacts extend off of the P4
property.

2.1.2. The vegetation discussion should describe the presence and abundance of selenium
accumulator and hyperaccumulator species.

P4 Response (SC-16): A summary of hyperaccumulator presence and abundance will be
added to Section 2.1.2.

2.1.4. Delete “the” to read “and other constituents.”
P4 Response (SC-17): The text will be revised per the comment.

2.1.5. Change to “. (i.e., exceed levels in a single event at a single location, exceed in a
very few locations [e.g., dump seeps], or exceed in total but not dissolved fractions).”

P4 Response (SC-18): The text will be revised per the comment.

2.2. This paragraph describes two scenarios within the conceptual site models of where
waste rock is placed but does not state the impact of these two waste placement locations
and how this influences the fate and transport of CoCs for each scenario. Please add this
discussion.

P4 Response (SC-19): A discussion of impacts due to waste placement locations will be
included in Section 2.2.

2.3.1. First sentence states that “conservative” assumptions were made with respect to the
HHRA. Either describe how the assumptions were conservative, or refer to subsequent
discussions where the conservativeness is discussed, or delete if the conservativeness of
assumptions cannot be described and documented.
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SC-21

SC-22

SC-23

P4 Response (SC-20): The text will be revised to replace the term *““conservative
assumptions” with “reasonable maximum exposure (RME) assumptions”.

2.3.1. Considering ranching is a current use on areas where contamination is known to be
present, it is unclear why this exposure scenario is considered only as a future use. The
current and future land use descriptions in this section are not consistent with the
descriptions in the RI and are not consistent with the scenarios considered in the risk
assessment (RA). All scenarios evaluated in the RA were considered to be both current
and future use with the exception of the hypothetical future residential scenario. The FS
memo needs to be revised to accurately reflect the current uses and those evaluated in the
RA.

P4 Response (SC-21): Livestock grazing is not a current land use on the Ballard Mine,
proper. However, livestock grazing occurs adjacent to the Ballard Mine and is a
potential future land use on the Ballard Site; therefore, potential risks to future livestock
and seasonal ranchers were evaluated in the Ballard RI/BRA Report. Paragraph 1 of
Section 2.3.1 will be revised to clarify the current and future land uses on the Ballard
Mine; preper-(i.e., the disturbed area) and the Ballard CERCLA Site (i.e., the area
impacted by the Ballard Site).

2.3.1. Human health risks are presented by medium only, which does not accurately
reflect the total exposure to potential receptors. Cumulative risks from exposure to all
media were provided in the RA and need to be summarized in the FS.

P4 Response (SC-22): Agreed. Cumulative risks will be incorporated into Table 2-1.

2.3.1. Replace “likely to be overestimated” with “may be.” Also delete (2) as background
concentrations will not change site risks.

P4 Response (SC-23): The reference to “likely to be overestimated™ in regard to
radiological risk estimates based on sequential decay modeling from total uranium
concentrations will be deleted. Please note that background concentrations may affect
both the background and incremental risk estimates depending on how the 2014
background concentrations compare to previous background results. However, now that
Site radiological data and new background data for metals and radionuclides have been
collected for COCs/ROCs in upland soils in 2014, Section 2.3.1 will be revised to include
a discussion of these results and their potential effect on previous risk estimates.
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SC-24 2.3.1. Here and elsewhere, define, and use care in, use of the terms Site and Mine Area.

SC-25

SC-26

Note that the Site includes mine features such as pits and dumps, and the Site would
include all areas where contaminants have come to be located. Thus the Site would
include land near the mine features that are impacted by surface water runoff, or include
plumes of contaminated groundwater. Consistent with this direction, delete language on
page 2-7 indicating that future subsistence, ranching and residential uses are unlikely to
occur in the future. Seasonal ranching is a known current use, and subsistence and
residential (farm or ranch on the Site) are reasonably foreseeable at least for some
portions of the Site. In addition, delete or revise final sentence of 2.3.1 as it may be
necessary to control future uses of some areas downgradient of the mine dumps for some
period of time (e.g., east side of Ballard) due to risks associated with releases of
contaminants to GW and SW.

P4 Response (SC-24): The text in Section 2.3.1 will be clarified to differentiate uses on
the Ballard Mine (the disturbed mine areas that are P4-centroHed-propertyowned by P4
and State leased lands) versus the Ballard CERCLA Site area (includes impacted off-
mine areas) and the different current and future land uses both on the Ballard Mine and
on the Ballard Site areas. For example, the first sentence on Page 2-7 will be revised as
follows: ““It should be noted that grazing and recreational activities, such as hunting,
camping and hiking, on the Ballard Mine including leased State lands (i.e., the disturbed
area) are most representative of the current land uses possible at the Ballard Mine.
Grazing and recreational activities also are the most likely future land uses for the
Ballard Mine.”

In addition, as a result of the substantially decreased COC/COEC concentrations
downstream of the Ballard Mine;preper (i.e., the disturbed area), the last sentence
accurately describes Site impacts downstream of the mine area. But an additional
sentence will be added as follows: “However, as discussed in this memorandum,
remedial options will be evaluated for both the disturbed mine footprint and potentially

impacted Iands in the V|C|n|ty of the mme (i.e., Ballard CERCLA Site

2.3.1. The FS memo states that, “The Native American, hypothetical future resident, and
seasonal rancher were evaluated to determine if land use controls and / or remediation are
required to protect future subsistence, residential or seasonal ranching land uses...” Some
of these are current use scenarios (e.g., on-site grazing of cattle) and there is offsite
contamination on private lands currently used for ranching. The FS memo needs to be
revised to accurately describe the current uses within the extent of contamination and the
risks to these users.

P4 Response (SC-25): Please see P4’s response to SC-24.
2.3.2. First usage of “HQ” — spell out

P4 Response (SC-26): The text will be revised per the comment.
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SC-27

SC-28

SC-29

SC-30

SC-31

2.3.2. The FS memo indicates that “based on the changes to the revised background data
set, it may be necessary to recalculated ecological HQ estimates.” Site risks will not be
impacted by the new background data. Instead, recalculation of the background risk may
be useful to help risk managers understand the risk attributable to background.

Include paragraph noting that eco risks were estimated using the data collected, which did
not include collection of plants known to hyper-accumulate selenium. Add language
explicitly acknowledging that plants that hyper-accumulate Se are known to be present in
some nearby mining disturbed areas, and these facts contribute uncertainty to risk
estimates. Because such plants are known to be present in mining disturbed areas, there
may be additional risks associated with acute exposure scenarios for hot spots. These
risks are not reflected in risk estimates. Ditto for section 2.3.3 for livestock.

P4 Response (SC-27): Please note that background concentrations may affect both
background and incremental risk estimates. However, now that new background data
were collected in 2014 for COCs in upland soils, Section 2.3.2 will be revised to present
these results and their potential effect on previous risk estimates.

Text will be revised to acknowledge that the ecological and livestock risk assessments did
not take into account the potentially higher selenium concentrations that may occur in
hyperaccumulator plant species. However, please note that P4 has an active
hyperaccumulator plant eradication program at the P4 Mine Sites and actually has never
observed hyperaccumulators at the Ballard Mine. Consequently, the ecological and
livestock risk estimates presented in the Ballard Mine RI/BRA reflect current conditions.

2.3.3. Note that horses may have been known to graze at some Sites in the mining
district. Revise to clarify that while grazing is not currently allowed on lands controlled
by P4, there are portions of the Site below the dumps where seasonal grazing is a known
current land use.

P4 Response (SC-28): Agreed. The text will be revised to acknowledge that grazing of
horses has been documented in the vicinity of the Ballard Mine area.

2.3.4. The statement for excluding thallium as a COC seems unsubstantiated. Please state
basis of exclusion —- (i.e., only detected once in X samples, or similar).

P4 Response (SC-29): The text in Section 2.3.4 will be revised to explain that only one

sample out of 19 samples that were analyzed for thallium in groundwater, exceeded the

screening level of 0.00016 mg/L (USEPA RSL for tap water). The sample was collected
from MMWO020 in 2007 and was reported at 0.00811 mg/L. The text will also be revised
to note that the MCL for thallium is 0.002 mg/L.

2.4.1. Add “manganese” to this list based on the first sentence in the next paragraph.
P4 Response (SC-30): The text will be revised to include manganese.

Table 2-1. Include summary information on radiological risk, or add new table.



P4’s Response to A/T Comments on FS Tech Memo #1 for Ballard Mine - Draft Rev0

June 10,

2015

Page 12 of 33

SC-32

SC-33

SC-34

P4 Response (SC-31): A new summary table of Tier 1 radiological risks will be added
and referenced in Section 2.3.1. In addition, a discussion of the effects of the 2014
radiological background and radielogicalSite- data will be included and compared to the
Tier 1 radiological risks presented in the Ballard Mine BRA.

Table 2-1. Total cumulative risk for each receptor (exposure scenario) should be
provided.

P4 Response (SC-32): Total cumulative risks for each receptor (exposure scenario) will

be provided in Table 2-1.-era-new-summary-Fable-in-Section2.0.

Table 2-1. The incremental HI for culturally significant plants in upland soils appears to
be incorrectly calculated. A revise to the HI is necessary.

P4 Response (SC-33): Please note that the cumulative incremental hazard estimate for
culturally significant plants grown in upland soil presented in Table 2-1 is the sum of the
chemical-specific difference between the Site HQ and the background HQ, where if the
chemical-specific background HQ exceeds the chemical-specific Site HQ, the incremental
HQ for that chemical is equal to zero. The primary noncancer risk drivers for Site
upland culturally significant plants (antimony, selenium, and uranium) were different
than the primary noncancer risk drivers for background upland culturally significant
plants (arsenic, cobalt, manganese, and thallium). Because the largest HQs comprising
the HI for Site, upland culturally significant plants, are associated with different metals
than those associated with the largest HQs comprising the HI for background, upland
culturally significant plants, the incremental HI is not similar to the difference between
the Site and background Hls.

Table 2-1. The use of footnote d is confusing and appears to be in error. Footnote d
apparently indicates dissolved contaminant levels were used, however this footnote is
used for sediment which is nonsensical. This footnote is also used for cattle-surface
water. Unlike protection of fish, which often uses dissolved levels for comparisons with
water quality criteria, cattle would be exposed to total metals concentrations. Revisions to
the table are necessary.

P4 Response (SC-34): Footnote d will be removed from the "Aquatic Plant - Sediment”
row of Table 2-1. Although aquatic plants were evaluated for surface water COPCs, as
described in the BRA, all plant tissue concentrations were based on sediment
concentrations and sediment uptake factors due to uncertainty associated with surface
water uptake factors.
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SC-35

SC-36

SC-37

SC-38

SC-39

The use of dissolved, rather than total, metals concentration to model cattle and upper
trophic level ecological surface water ingestion is consistent with the approach used in
the approved Human Health and Ecological Risk Assessment Work Plan (MWH, 2011)
Ballard Mine BRA (MWH, 2014), as well as the plan for long-term monitoring since
2009. The approved 2009 and 2010 Surface Water Monitoring Sampling and Analysis
Plan (MWH, 2009) stated that dissolved or total metals will be used in surface water
depending upon the form of the metal serving as the basis for the screening standard (i.e.,
the dissolved fraction for all analytes except selenium).

Table 2-4. Revise table or include additional table to reflect radiological COCs.
P4 Response (SC-35): Tables 2-4 and 2-7 will be revised to include ROCs.

Drawing 2-2. Does this drawing also include co-located sediment sample locations?
Revise accordingly.

P4 Response (SC-36): This drawing shows the station locations for surface water,
sediment and riparian soil. It does not show the exact sample locations. For example,
during the 2010 supplemental sediment and riparian soil sampling, up to five sediment
locations may have been collected from select pond and stream stations. The location of
these samples on Drawing 2-2 is not necessary given that Section 2.0 of FS Memo #1 is a
summary of the nature and extent of contamination at the Ballard Site. Also, the exact
location of these samples would not be distinguished given the scale of the drawing. No
revisions to Drawing 2-2 are necessary.

3.0. Beginning with the title of Section 3.0 and throughout the rest of the document:
Please revise terminology and use the term preliminary remediation goal (PRG) at this
stage of the process, rather than “proposed cleanup level”. Use of “PRG” mirrors the
language in the NCP and is consistent with practice within EPA Region 10. In the Record
of Decision phase, the “PRG” nomenclature (and sometimes the value itself) will be
changed (and locked in) to the term “Cleanup Level”. Use of the term RBCL is useful
and helps to clarify stepwise process for developing candidate PRGs.

P4 Response (SC-37): Please see P4’s response to GC#1.

3.1. Clarify that the list of potential ARARSs provided is preliminary. ARARs are selected
and finalized in the ROD. This process will also allow for further discussion and
evaluation of the relevancy and appropriateness of some potential ARARS using the
factors in 40 CFR 300.400(g)(2).

P4 Response (SC-38): Section 3.1 will be revised to clarify that the list of potential
ARARs are preliminary and will be finalized in the ROD.

3.2.1. Please provide citation to support final sentence of this section. Note that language
regarding consistency of application applies to state ARARs.
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SC-40

SC-41

P4 Response (SC-39): The final sentence in Section 3.2.1 will include the reference
(USEPA, 1988b) below and will be included in Section 6.0 References. In addition, the
current USEPA, 1988 reference will be changed to USEPA, 1988a.

USEPA, 1988h. CERCLA Compliance with Other Law Manual: Interim Final.
EPA/540/G-89/006. August 1988.

3.4. Section 2.2 identified the contaminant pathway between surface water and
groundwater. Considering this contaminant transport mechanism occurring at the site, it
seems appropriate to include “Hydraulic Isolation” as a General Response Action

(i.e., remedial measures to minimize the transport of contaminants from surface water to
groundwater and vis versa.). Although it appears this concept may be partially captured
under Containment (Sediment Control Basins) in Surface Water Table 4-4 and under
Containment (Vertical Barriers) in Groundwater Table 4-6.

P4 Response (SC-40): The current pathway for contaminated surface water to
groundwater is infiltration along the ephemeral drainages emanating from the Ballard
Mine. For a portion of the year when the shallow water table is elevated, groundwater
actually may be discharge to surface water along the channels, but during the drier
portions of the year, water in the channels either evaporates or infiltrates.

Only one technology, channel lining, is potentially appropriate and applicable for
isolating surface water from groundwater at the Site. Lining would greatly reduce
infiltration to groundwater, but in effect would just transfer the contamination further
downstream. For example, spring and seep flows currently does not reach the Blackfoot
River for most of the year. These flows could reach the Blackfoot River with channel
lining (if they did not evaporate first). For this reason, surface water isolation was not
considered, with the exception of pond lining. Pond lining, along with the lining of
wetlands and other similar features, would be a design element of these alternatives
opposed to a standalone alternative.

An additional consideration is that most alternatives for Site remediation include source
control as a primary component. Source control addresses either direct or indirect
surface water contamination at the Site and effectively eliminates it, which addresses
downstream infiltration of surface water to groundwater. If source controls are in place,
clean surface water will infiltrate into the shallow groundwater and assist with shallow
groundwater remediation.

Based on these considerations, the text will not be revised.

Table 3-3. Federal Location-Specific ARARs: The Bevill-exemption of mining wastes
should be specifically identified and summarized in the ARARs tables. The Bevill
exemption to RCRA provides an exemption of mining wastes as hazardous wastes
(Subtitle C), but the mining wastes are still classified as RCRA solid wastes (Subtitle D).
This is an important determination when addressing mine waste piles or treatment stream
wastes.
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P4 Response (SC-41): The Bevill-exemption of mining wastes will be added to Table 3-
3.

SC-42 Table 3-3. Please add the Federal Migratory Bird Treaty Act to this table, as it is an
ARAR at the Site.

P4 Response (SC-42): The Federal Migratory Bird Treaty Act will be added to Table 3-
3.

SC-43 3.5. Last two sentences stating process of modifying Preliminary Cleanup Levels (aka
PRGSs): In this discussion it should be explained that it is at the ROD phase when the
PCLs become set (legally binding) as cleanup levels.

P4 Response (SC-43): Please see P4’s response to GC#1. The process of finalizing the
cleanup levels in the ROD phase will be added to Section 3.5.

SC-44 3.5. The sentence states that “Vegetation is a secondary medium and adverse effects to
this medium will be addressed through cleanup of primary medium (soils and
sediment)...” To prove that the primary medium is effective at isolating COECs from
receptors and meeting RAOs, it is recommended that corresponding concentrations of Se
and other COECs in vegetation be calculated and utilized as performance targets. This
information may aid in evaluating the effectiveness of remedial actions taken. In addition,
the ability of a remedy to meet soil RAOs will depend on the selected PCLs (PRG) for
soil, as well as design considerations that account for rooting depth of reclamation
vegetation and perhaps other factors. The alternatives developed in TM#2 will need
adequate detail and definition regarding soil remedies (thickness of cover profile for
example) to evaluate effectiveness, costs and other criteria.

P4 Response (SC-44): P4 agrees that performance targets for some secondary media,
including upland vegetation, may be necessary to demonstrate that remediation of
primary media will effectively achieve all RAOs. We are proposing to provide potential
published sources of performance targets for vegetation in FS Memo #1 in Section

3.5. In the future, P4 may propose that site-specific COC/ROC performance targets be
developed in vegetation based on collection and/or further evaluation of background
vegetation data that is inclusive of all the P4 Sites geologic units (e.g., Meade Peak and
Rex Chert Formations).

SC-45 3.5. RBCLs (for arsenic) were calculated and reported at a target cancer risk of 107,
which exceeds Idaho DEQ’s target risk of 10 and the EPA 10 “point of departure” in
the stepwise process for establishing PRGs. For carcinogens, RBCLs should be presented
for a range of risk levels within the DEQ and EPA target risk range, including 10410
and 10 to provide clarity and transparency to the process of establishing PRGs. The
RBCLs may be revised from the point of departure by considering ARARS, uncertainty,
background and other factors during subsequent steps in the development of PRGs.

P4 Response (SC-45): Agreed. Please note that the only carcinogenic COCs/ROCs
identified are arsenic and radium-226. RBCLSs for this COC and ROC will be presented
based on target cancer risk levels of 10, 10-° and 104
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SC-46

SC-47

SC-48

3.5. Calculating preliminary cleanup levels for soil or sediment for a given COC / COEC
by adding background concentrations (upper threshold values) and the lowest risk based
screening level together would not appear to protect resident receptors from toxicological
effects. This observation is based on the fact that if chemical concentrations in soil and
sediment exceed a RBCL because background is added to the RBCL, the receptor for
which the PCL was derived would potentially be exposed to a COC / COEC above a
given toxicity value. Thus, by nature, the proposed PCLs are not conservative in that they
would appear to be permitting some level of risk to sensitive receptors exposed to Site
media. Despite the cited cases (in the document) in which this methodology
(PCL=background + RBCL) was used, it does not appear to be adequately protective of
receptors in cases where both background and RBCLs are exceeded. Also note that in the
FMC example cited, that an estimate of central tendency was used as a starting point.
Thus the proposed additive approach using a USL as a starting point is unacceptable. See
also general comments on use of background in establishing PRGs.

P4 Response (SC-46): PCLs will be based on the higher of the most conservative
receptor RBCL and background as discussed in P4’s response to GC#2. However,
please note that at the FMC site, the background values were an estimate of the 95%
UCL on the mean concentration rather than an estimate of central tendency.

3.5. Section 3.5 describes the PRGs / PCLs as levels that are based on site-specific risk
based cleanup levels protective of human and ecological receptors. Then, PCLs are
described as a summation of the risk based cleanup level and background. Therefore, the
PCLs are above levels that are protective of humans and ecological populations. The
summation of the estimated upper range of background with risk based levels is not
appropriate. For example, the proposed PCL for upland soil is equivalent to a LOAEL-
based hazard quotient of 4.

P4 Response (SC-47): PCLs will be based on the higher of the most conservative
receptor RBCL and background as discussed in P4’s response to GC#2.

Table 3-5. The RAOs must be revised to reflect program management expectations
articulated in the NCP (40 CFR 8430(a)(1)(iii)) and to be protective and definitive for all
relevant exposure pathways. The FMC Plant OU ROD provides a good example of
acceptable detail for description for some RAOs:

1. Prevent human exposure via all potential exposure pathways (external gamma radiation
exposure, inhalation of radon in potential future buildings, incidental soil ingestion, dermal
absorption, and fugitive dust inhalation, ingestion of fruit and vegetables) associated with
soils and solids contaminated with COCs thereby resulting in an unacceptable risk to human
health assuming current or reasonably anticipated future land use

2. Prevent potential ingestion of groundwater containing COCs in concentrations exceeding risk-
based concentrations (RBC) or ARARS, or site-specific background concentrations if RBCs
or ARARs are more stringent than background
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3.

Reduce the release and migration of COCs to the groundwater from BALLARD MINE
sources resulting in concentrations in groundwater exceeding RBCs or ARARS, or site-
specific background if RBCs or ARARs are more stringent than background

Restore groundwater that has been impacted by the Facility to meet RBCs or ARARs for
COCs, or site-specific background levels if RBCs or ARARs are more stringent than
background

. Reduce the release and migration of COCs to surface water from BALLARD MINE sources

at concentrations exceeding RBCs or ARARs, including water quality criteria pursuant to
Sections 303 and 304 of the Clean Water Act.

. Thus, please review the RAOs in Table 3-5 and revise as needed to reflect a similar level of

detail. In particular, RAOs groundwater and surface water focus on preventing or reducing
exposure. These should be revised to include explicit statements that groundwater and surface
waters shall meet ARARs to the extent practicable. In addition, RAO for mine waste rock /
soil for protection of eco receptors should reference uptake by vegetation and consumption by
eco receptors.

P4 Response (SC-48): The RAOs in Table 3-5 will be revised using the FMC RAOs as
an example.

SC-49 Table 3-5. Delete reference to livestock health from the RAOs due to unresolved policy

questions regarding whether it is appropriate to trigger action or base remedy selection
decisions on protection of livestock. Because protection of livestock is an important
concern of stakeholders, it would be appropriate to evaluate and disclose information on
whether the alternatives are protective of livestock.

P4 Response (SC-49): The RAOs as proposed above will be revised to remove the
reference to livestock. However, the protection of livestock will be considered in the FS
technology and alternative evaluations.

SC-50 Table 3-5. What are “acceptable risk levels” in vegetation and what standards for human

health and environment determine it’s acceptable?

P4 Response (SC-50): Please see P4’s response to SC-44.

SC-51 3.5. The PRG / PCL discussion incorrectly cites the FMC Plant OU to support a Risk +

Background level approach. FMC utilized a Risk + Background approach, but only for
radium; not for metals or other constituents. FMC also used a central tendency estimate
of background, which is not comparable the proposed 95% USL (upper simultaneous
limit). Because background was estimated as a central tendency, it was necessary to add a
risk increment to delineate background in the field. The sum of the central tendency
background estimate and a 10 cancer risk based level is significantly less than the sum
of the 95% USL and 10 cancer risk based level and is likely less than the 95% USL
(without the additional risk increment).
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SC-52

SC-53

SC-54

SC-55

SC-56

SC-57

P4 Response (SC-51): PCLs will be based on the higher of the most conservative
receptor RBCL and background as discussed in P4’s response to GC#2. However,
please note that at the FMC site, the background values were an estimate of the 95%
UCL on the mean concentration rather than an estimate of central tendency.

Table 3-7. Assuming the radiological data collected in 2014 also show unacceptable risk
from radium, PRGs / PCLs for radiological elements will need to be added to subsequent
drafts of the FS documents.

P4 Response (SC-52): Agreed. A discussion of the risk estimates associated with ROCs
will be included in the revised FS Memo #1.

Table 3-7. Suggest replacing the ND for molybdenum in sediment with a < (detection
limit); this may provide the risk manager with some indication of the potential
contribution of background.

P4 Response (SC-53): Table 3-7 will be revised as recommended in the comment.

Table 3-7. Suggest Changing “Media” in first column to “Primary Media” because
vegetation is not put on these tables since it is considered secondary.

P4 Response (SC-54): Table 3-7 will be revised as recommended in the comment.

Table 3-7. RBCLs for Uranium should be recalculated using a revised RfD, due to
severe problems with the IRIS profile (it used a 1949 study that would no longer be
considered adequate). I’m now recommending the 2013 ATSDR, subchronic, oral MRL
(http://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=440&tid=77). It’s better supported than the
MCL-RTD or the IRIS value, despite being subchronic. If necessary, we could convene a
meeting of a subgroup of subject experts to further discuss this matter.

P4 Response (SC-55): As per the e-mail from Dave Tomten to Molly Prickett, dated
June 3, 2015, the RfD for uranium that was used to calculate human health RBCLs for
uranium in FS TM#1 should be retained. The A/Ts may revise the recommended RfD in
the future for use at other P4 sites.

4.1.1 and 4.2.1. Include paragraph noting that eco risks were estimated using the data
collected, which did not include collection of plants known to hyper-accumulate selenium
and that this is a source of uncertainty. Because such plants are known to be present in
mining disturbed areas, there may be additional risks associated with acute exposure
scenarios where receptors may ingest selenium hyper-accumulators. These risks are not
reflected in risk estimates.

P4 Response (SC-56): Please see P4’s response to SC-27.
4.1.1. Delete reference to risk to livestock. See previous Table 3-5 comment.

P4 Response (SC-57): Agreed. The reference to livestock risk will be deleted.
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SC-58

SC-59

SC-60

SC-61

SC-62

4.1.2. Tribes have an updated list of culturally significant plants for the Shoshone and
Bannocks. The CS plants discussed in the FS are based on previous information, not the
updated version of the CS plants. It should be noted in footnotes, that this section does
not reference the most recent version of CS plants. The CS plant list was revised after the
referenced sampling.

P4 Response (SC-58): A footnote will be added to this section and P4 requests that the
USEPA provide the current list of CS plants for comparison to the CS list used during the
RI/FS investigations.

4.1.3. See comment above on need to add language recognizing that achieving RAOs
must consider cover profile in addition to PRGs / PCLs for soil. Develop a performance
target for vegetation uptake of metals, particularly selenium. General specifications for a
cover / cap will need to be developed in TM#2 in order to evaluate effectiveness and cost.

P4 Response (SC-58): Please see P4’s response to SC-44 regarding performance
targets for vegetation. General specifications for a cover/cap will be included in FS Tech
Memo #2 to perform the detailed evaluation of alternatives.

4.1.3. Selected remedial alternatives for primary media address unacceptable risk posed
by vegetation only if any seed mix or replanting does not include selenium-accumulating
plants as mentioned in Appendix B. Include language here.

P4 Response (SC-60): The text from Appendix B discussing the seed mix will be
summarized in Section 4.1.3.

4.1. The proposed approach to not monitor vegetation for COC / COEC levels and
subsequently use such information for remediation evaluations does not appear to be
justifiable nor protective of receptors. Although vegetation is a secondary media, it is the
conduit of COC exposure for many receptors and thus should be monitored in order to
assess the efficacy of primary media remediation. If COCs in vegetation fall above a
given level of concern (e.g., a screening value or performance target), the efficacy of
remediation of soil or sediment would come into question. Thus, please provide decision
criteria for the evaluation of remediation efficacy that would include vegetation
monitoring and additional assessments of remediation efficacy. If vegetation with
elevated COCs is growing in primary media that are below cleanup values, risk may still
exist for ecological / human receptors. Such a condition may occur if cleanup values for
primary media are above both RBCLs and background levels as currently proposed.

P4 Response (SC-61): Please see P4’s response to SC-44 regarding performance
targets for vegetation. The text in Section 4.1 will be revised to discuss these
performance targets.

4.2.1. Vegetation with COCs above levels of concern that is growing in primary media
that has COCs below PCLs may continue to present a risk to receptors. Thus, as stated in
the previous comment, please provide decision criteria and/or performance targets that
could be used to trigger further assessment of the efficacy of remediation of primary
media.
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P4 Response (SC-62): Please see P4’s response to SC-44 regarding performance
targets for vegetation. The text in Section 4.2.1 will be revised to discuss these
performance targets.

SC-63 4.2. This paragraph is somewhat confusing. It states that establishing actions for
contaminated surficial materials that are associated with the waste rock is being deferred
until the Remedial Design and / or RA Work Plan phase with the assertion that
addressing waste rock and uplands soil will also address these media? Please clarify by
further describing or referencing information on the nature and extent and volumes of
these associated surficial materials.

P4 Response (SC-63): The section will be revised as follows: “The waste rock is
considered a source material for contaminants detected in other media at the Site. The
waste rock deposition areas also contain some sediments, riparian soils, and vegetation,
but remedial activities for the waste rock will also address concerns with those media as
further described in Sections 4.1 and 4.4. This section then deals specifically with only
upland soils and waste rock found in mine dumps throughout the Site™.

SC-64 4.2. Seasonal Ponds: Last sentence reads: “This section then deals specifically with only
upland soils and waste rock found in mine dumps throughout the Site.” This last sentence
attempts to clarify the limitations of the upland soils and waste rock category, however,
the opening paragraph of Section 4.3 then states that “seasonal ponds” are excluded from
Site Surface Water and are part of the upland soils and waste rock category (Section 4.2).
Clarify in Section 4.2 that the seasonal ponds within the upland soils and waste rock area
are considered part of this area and the process options / technologies considered therein.

P4 Response (SC-64): Section 4.2 will be revised to include a discussion that seasonal
ponds will be addressed by remedial actions completed for upland soils and waste rock.

SC-65 4.2. Change to “The waste rock is.”
P4 Response (SC-65): The text will be revised per the comment.

SC-66 4.2. Consistent with general comment above, add language in this section to address
radiological contaminants.

P4 Response (SC-66): Please see P4’s response to comments GC#3 and GC#5.

SC-67 4.2.1. This is true for vegetation only if no selenium-accumulating plants are part of any
reclamation efforts. Revise as needed.

P4 Response (SC-67): Please see P4’s response to comment SC-60.
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SC-68

SC-69

SC-70

SC-71

SC-72

SC-73

SC-74

4.2.2. The paragraph makes the following statement: “For example, the data suggest that
regrading and some type of cover system for the waste rock would be the primary
technologies and process options for the Site. Some technologies and process options
might be applicable at sites with less volume and aerial distribution, but for large volume
mine sites, such as the Ballard Site, the list of technologies that are practical is limited.” It
is unclear what “data” is being referred to, but if it is volume alone, then that is not a
basis to eliminate technology options at this stage of the FS evaluation. If a technology or
process option has the capability of addressing the risk and is implementable, then that
process option is generally not eliminated at this phase. It would, however, be appropriate
to eliminate some alternatives for large volume wastes during later phases of the FS
evaluation. Please provide more substantiated discussion and the specific data being
considered in order to determine whether to eliminate a process option at this phase.

P4 Response (SC-68): The section will be revised as follows: ““...For example, the Site
soil and waste rock analytical data indicate elevated concentrations of Site COCs are
limited to the physical boundaries of the waste rock dumps with very little to no
migration to the surrounding soils. Therefore, regrading and some type of cover system
for the waste rock would be the primary technologies and process options to consider for
the Site.”

4.2.4.1. “Site surface water” should be changed to “upland soil / waste rock”

P4 Response (SC-69): The text will be revised per the comment.

4.2.4.4. Delete “thermal” as according to Table 4-2 all ex-situ treatments are eliminated.
P4 Response (SC-70): Thermal will be deleted from the sentence as suggested.

4.2.4.5. Insert “to” to read “and aeration to reduce.”

P4 Response (SC-71): The text will be revised per the comment.

4.3.1. First sentence, reference to cleanup levels of Table 3-6: at this FS stage of the
CERCLA process, these values are considered Preliminary Remediation Goals (PRGS)
(see comment above on Section 3.0). Also, other locations in this paragraph and
document refer to “cleanup levels” when it should be PRGs

P4 Response (SC-72): Please see P4’s response to comment GC#1.

4.3.1. Suggest changing “poor aquatic quality” to something like “poor quality aquatic
habitat incapable of supporting fish populations.”

P4 Response (SC-73): The text will be revised per the comment.

4.3.2. Reference to Table 4-3 and runoff discharge — are these measurements considered
the “peak” runoff discharges? Please clarify.
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P4 Response (SC-74): The flows reported are associated with the annual spring (high-
flow) sampling. Historically, there has been an attempt to sample during the week of
peak flows, but it has not always been possible to predict when this period occurs. As a
result, the flow measurements represent grab sample from various parts of the yearly
runoff hydrograph. The note in Table 4-3 will be revised to provide more context to
runoff flows presented.

SC-75 4.3.2. Seasonal Ponds: this paragraph describes the seasonal ponds and then refers the
reader back to Section 4.2 where seasonal ponds are supposedly included and addressed
as part of Section 4.2 —- however, Section 4.2 and Table 4-2 make no mention of
“seasonal ponds” and how they will be addressed as part of the Upland soils and Waste
Rock category. If seasonal ponds are going to be included in Section 4.2, please add
appropriate discussion.

P4 Response (SC-74): The sentence in Section 4.3.2 will be rewritten to read, ““All of the
other ponds are located in the mined or waste rock areas and will be addressed by
remedial actions completed in those areas. As an example, regrading and capping to
created positive drainage are described in Section 4.2. A major objective of these actions
will be the elimination of all areas of standing water except those specifically designed to
contain non-contact (clean) storm water.”

SC-76 4.3.4.2. Change to “Site, or infiltrates and discharges.”

P4 Response (SC-76): The text will be revised per the comment.
SC-77 4.3.4.4. Define “POTW.”

P4 Response (SC-77): The text will be revised per the comment.
SC-78 4.4.1. Delete the space to read “vanadium.”

P4 Response (SC-78): The text will be revised per the comment.
SC-79 4.4.1. Eliminate the underline to read “fall within.”

P4 Response (SC-79): The text will be revised per the comment.
SC-80 4.4.1. Insert “the” to read “near the Site.”

P4 Response (SC-80): The text will be revised per the comment.
SC-81 4.4.1. Change “come” to “comes” for subject-verb agreement.

P4 Response (SC-81): The text will be revised per the comment.
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SC-82

SC-83

SC-84

SC-85

SC-86

SC-87

SC-88

SC-89

4.4.2. Last sentence states: “The area and volume assumptions listed above will be
refined in subsequent iterations of this FS when the Site specific clean-up levels are
approved.” Note that site-specific cleanup levels are approved or finalized in the ROD.
Initial indications of concurrence may be provided by the A/ T during the FS phase, but
typically cleanup levels are not set until the ROD.

P4 Response (SC-82): The sentence will be revised as follows: “The area and volume
assumptions listed above using PCLs will be refined in the remedial design after the Site-
specific clean-up levels are approved in the ROD.”

4.4.2. The 30-foot average is representative not conservative as the Respondents have
stated. Please change “conservative” to “representative”.

P4 Response (SC-83): The text will be revised to use “representative”.
4.4.2. Delete the period after document to read “document (see Section 2.3).”
P4 Response (SC-84): The text will be revised per the comment.

4.4.4.4. Change “plant” to “plants.”

P4 Response (SC-85): The text will be revised per the comment.

4.5.4.5. Delete last sentence as this pertains to in-situ and this section deals with ex-situ
treatments.

P4 Response (SC-86): The text will be revised per the comment.

Table 4-2. Vertical Barrier: Sheet Pile or Grout Wall: | agree that it makes sense to
eliminate this process option for upland waste rock piles, but it seems like its elimination
should be based on the fact that the waste rock piles are unsaturated, and as such, how
would COC / COECs be expected to migrate from the soil that is also unsaturated?
Restate the logic for elimination of this process option based on the lack of pathway for
migration.

P4 Response (SC-87): The last sentence of the referenced portion of Table 4-2 has been
revised as follows: “Based on the RI findings indicating that there is insignificant off-
dump (lateral) migration of metal COCs/COECs in Site upland soils/waste rock, vertical
barriers are not necessary to contain Site contaminants lateral migration. As a result,
vertical barriers have been eliminated from further consideration.”

Table 4-2. In line 2, change to “will result in the net reduction.”
P4 Response (SC-88): The text will be revised per the comment.
Table 4-2. In line 3, change to “direct exposure to COCs / COECs.”

P4 Response (SC-89): The text will be revised per the comment.
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SC-90 Table 4-2. Looks like this row should be under Ex-Situ Treatment. Revise accordingly.
P4 Response (SC-90): The table will be reformatted as suggested.

SC-91 Table 4-2, In line 3, is “fixation” the same as “solidification?” If so, then the language is
fine as written. If not, change to “solidification.”

P4 Response (SC-91): Fixation is generally applied to chemical availability (i.e., the
goal of solidification is to fixate the COCs/COECs). This chemical fixation is described
in the first sentence but not defined as such. A parenthetical “(i.e., fixation)” will be
added to the end first sentence so that it is defined for the reader.

SC-92 Table 4-2, Removal and Disposal, Physical, Separation: For completeness, the site
specific considerations describe a slurried soil separation process only, when physical
waste rock separation using screens and grizzlies is more commonly used. However,
based on the waste rock characteristics, it is agreed that separation will likely not be
effective at this site and should be eliminated.

P4 Response (SC-92): The following sentence has been added to the section of the table:
“..0r extract organics. Physical separation also can be implemented through the use of
screens and grizzlies to break soils down into discrete sizes.”

SC-93 Table 4-3. “Annual” Runoff Discharge category: the notes on this table indicate that
these measurements are typically made in May. This appears to be a yearly “peak”
discharge measurement rather than an annual discharge (e.g., total for the year)? Please

clarify.

P4 Response (SC-93): In addition to revising the footnote as described in the response
to comment SC-74, the word “Annual” will be deleted from the first column for both
runoff and base flow discharge. These two revisions will better describe the
measurements.

SC-94 Table 4-4. Retention Basins / Serpentine Channels: Both of these process options for the
Containment GRA claim a benefit of trapping sediment. However, how will high flow
events that are likely to remobilize the trapped sediment be addressed? Through routine
O&M and sediment removal?

P4 Response (SC-94): The nature of the Site is that these feature will only see water
during storm or runoff events (high flow events). As such, their function and design will
be to collect and contain sediment from these events. Removal of accumulated sediment
during routine O&M is important for preventing redistribution of the sediment should an
extreme storm event occur. However, in reality, these features are only likely to be used
during remedial construction, and the appropriate O&M procedures and schedules will
be discussed in the design documentation. They are retained in FS Memo #1 because
they will likely be a component of the reclamation, but we do not see the need to expand
the discussion to O&M in the current document.

SC-95 Table 4-4. Include the footnote for the “(1)” superscript.
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SC-96

SC-97

SC-98

P4 Response (SC-95): The following footnotes will be added to the table:

(1) — These technologies and process options would only be used as part of another technology,
for example as a way to discharge treated water, or as part of a larger treatment system,
e.g., filtration after chemical precipitation.

(2) — The treatment technologies and/or process options in the blue shaded cells have been
eliminated from further evaluation in Section 5.0.

Table 4-4. Delete “Ex-Situ Treatment (continued)” or move to next page and add to all
other tables accordingly.

P4 Response (SC-96): The formatting of the table will be corrected.

Table 4-5. Monitored Natural Recovery: It is not clear from the table’s description of
how the “natural recovery” process is to occur. Is it assumed that once the upstream
sources of contaminated sediment / runoff are remediated that “clean” sediment will be
distributed on top of the current contaminated sediment and then somehow plants will
grow up through this newer clean sediment and that their rooting systems will no longer
be exposed to the underlying contaminated sediment. Please provide a clear description
of how the natural recovery mechanism is envisioned to work, in both text and table.

P4 Response (SC-97): In accordance with the RI/FS Guidance, Section 4.0 and the
associated tables present an initial screening to eliminate those technology types and
process options known to have minimal effectiveness for remediation of the Site
COCs/COECs or are not feasible given the Site conditions (e.g., soil types, depths of
contamination, size of the Site, etc.). The information requested in the comment is
included in the more detailed evaluation of the retained technologies, which is
summarized in Section 5.0 (Final Screening of Remedial Technologies) and detailed in
Appendix B (Details of Final Remedial Technology Screening). Specifically, Section
B4.2.2 of Appendix B describes the MNR processes that are expected to occur at the Site
and the resulting impacts to the affected media. Section 5.1 will be revised to 1) correct
the reference from “Appendix A” to “Appendix B”’. In addition, cross references to
Appendix B will be added as appropriate to Section 5.0.

Table 4-5. Sediment / Riparian Soils: if the risk concern is for current / future Native
Americans eating aquatic plants that are growing in contaminated sediment, it seems
appropriate that the “Removal” process option also include a replacement with clean
sediment and replanting of the aquatic vegetation species. Was this not considered?

P4 Response (SC-98): Similar to the response to SC-97, the information requested in the
comment is included in the more detailed evaluation of the retained technologies, which
is summarized in Section 5.0 (Final Screening of Remedial Technologies) and detailed in
Appendix B (Details of Final Remedial Technology Screening). Specifically, Section
B4.3.1 of Appendix B presents more details regarding the Removal and On-Site disposal
option, and includes statements that the stream channels would be restored and
revegetated. Section 5.1 will be revised to 1) correct the reference from “Appendix A to
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“Appendix B”*. In addition, cross references to Appendix B will be added as appropriate
to Section 5.0.

SC-99 Table 4-6. The regarding / capping source control approach for contaminated
groundwater plumes: This approach may reduce future contaminants from entering the
groundwater, but does nothing for the current plume of contaminated water. Perhaps
regrading / capping can be a component for groundwater remediation when paired with
another process option. Please describe how regrading / capping addresses the current
groundwater plumes.

P4 Response (SC-99): This is correct, regrading/capping is a source control and does
not directly address the current distribution of COCs in groundwater. Therefore,
regrading/capping needs to be coupled with MNA or more direct plume remediation.
This approach is discussed in the text, but to make the table stand more on its own, the
following sentence will be added — “These source control technologies will need to be
coupled with an approach for managing the current COC plumes downgradient of the
sources.”

SC-100 Table 4-6. Change “Surface Water use” to “groundwater use.”

P4 Response (SC-100): The text will be revised per the comment.
SC-101 Table 4-6. In line 2, define “UIC.”

P4 Response (SC-101): UIC (Underground Injection Control) will be defined.
SC-102 Table 4-6. Delete “Chemical Treatment.”

P4 Response (SC-102): We were not able to locate this occurrence. Did the A/T mean
“Chemical Thermal™? If so, that will be addressed in correcting the table formatting
issue identified in SC-103 below.

SC-103 Table 4-6. Add a cell with “Thermal” in the same row as “Thermal Desorption.”

P4 Response (SC-103): A cell with ““Thermal” will be added next to “Thermal
Desorption™.

SC-104 Tables 5-1 & 5-2. Include a footnote similar to the footnote in Table 5-3.

P4 Response (SC-104): The footnote will be added. However, no shading occurs in
Table 5-1 because all technologies were retained.

SC-105 Table 5-1. In line 3, insert “be” to read “may not be appropriate.”
P4 Response (SC-105): The text will be revised per the comment.

SC-106 Table 5-2. Change page number to 1 of 1.
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P4 Response (SC-106): Table 5-2 is a two page table. Page 1 of 2 and Page 2 of 2 are
correct.

SC-107 Table 5-2. In line 1, change “like” to “likely.”

P4 Response (SC-107): The text will be revised per the comment.

SC-108 Table 5-3. Increase the cell size or revise the paragraph spacing to include all the

language.

P4 Response (SC-108): The table will be reformatted.

SC-109 Table 5-4. Delete decision rationale related to administrative challenges for discharge to

surface water, reference that limits would be *“overly stringent,” or characterization that
access across private lands is a technical issue. Permits would not be needed for
discharge of effluent, although equivalent restrictions (similar to effluent limitations)
would still need to be developed. Also, this would not preclude discharge to tributary
streams, such as has been implemented during the treatability study.

P4 Response (SC-109): Under CERCLA, the on-Site remedial options must substantively
comply with the local, state, and Federal requirements/regulations and any remedial
options that affect off-Site areas would have to meet both substantive and administrative
requirements of pertinent regulations. P4 does agree with the reviewer’s assessment that
permits would not be required for discharge of surface water to an on-Site drainage that
discharges to the Blackfoot (i.e., a tributary to a stream feeding the Blackfoot) because
Site remediation will be conducted under CERCLA. However, under CERCLA, that ““on-
Site discharge” still must substantiaty-substantively comply with NPDES requirements,
which are stringent and will require significant time and resources to substantiatly
comply. Because of this, P4 will reject discharge of effluent from the groundwater
treatment plant to a surface water in Table 5-4 unless the commenter is asking P4
specifically to retain this as a disposal process option in future alternatives.

Appendix A

A-1

Appendix A. It is difficult to replicate the RBCLs, so as during the review of the BRA, it
would be useful to for P4 to provide the actual calculation tables to review the inputs and
equations. Please provide all or at least some example tables for review.

P4 Response (A-1): Agreed. Example RBCL spreadsheets will be provided for one or
two RBCLs.

A2.2. According to this section, PCLs were not calculated for seasonal ranchers because
it was determined to not be a high risk receptor. However, Table 2-2 of the main text
indicates that risk to seasonal ranchers is high (H1>40) through the consumption of cattle.
How will this be addressed in the FS?
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A-3

A-4

A-5

P4 Response (A-2): PCLs were not calculated for the seasonal rancher because risk
estimates for the hypothetical future resident and Native American were substantially
higher than those for the seasonal rancher. Please also see P4’s response to GC#2.

A2.1.2. RBCLs are called out as risk based screening levels, which should be revised to
be risk based cleanup levels. Also, see comments above regarding terminology and use of
PRG rather than PCL at this stage of the process.

P4 Response (A-3): Agreed. Text references to “risk-based screening levels (RBSLs)”
will be revised to ““risk-based cleanup levels (RBCLS)”. Regarding use of the term
“PRG” rather than *“*PCL”, please refer to our response to GC#1.

A2.2. There are several mentions of using the linear relationship between measured soil
and plant tissue concentrations for the calculation of RBCLs, however it remains unclear
how these were developed. Is it based on site-wide means, site-wide 95% UCLs, etc.?
Clarification is necessary to complete the review of the RBCLs. This also occurs for
other relationships (e.g., soil to invertebrates and vertebrates) with some describing using
the Microsoft Excel Solver tool. Essentially, insufficient information has been provided
in Appendix A to understand the inputs and methods used for calculating the RBCLs.\

P4 Response (A-4): Agreed. Additional information will be presented in Appendix A to
describe how the linear relationships between primary media and secondary media were
used to calculate RBCLs.

A3.4. The last sentence does not make sense and probably should be changed from “for
riparian sediment, only” to “for riparian soil, only.”

P4 Response (A-5): Agreed. The last sentence in Section 3.4 of Appendix A will be
revised to indicate that chromium and nickel were COECs in riparian soil, only.

Table A-1. The uranium RBCL for elk consumption by Native Americans is nonsensical
as there cannot be more than 1 million mg in a kg. Revision is necessary.

P4 Response (A-6): The uranium RBCL for elk consumption was inadvertently based on
the IRIS RfD of 3.0E-03 ma/kg-day for uranium; the RBCL based on the ATSDR MCL
RfD of 6.0E-04 ma/kg-day is less than one million mg/kg. The uranium RBCL for elk

consumptlon was rewsed based on the Iatter RfD Ih&u%&nmmﬂQBGL—fer—elk

Appendix B

B-1

B.2.3.1. Explain why if soil caps have limited effectiveness would you expect soil caps to
“may reduce if not eliminate leaching?”
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B-2

B-3

P4 Response (B-1): The text will be revised as follows: “Soil caps having one-foot
thickness are not likely effective for eliminating infiltration, but may still reduce leaching
of metals from the soil/waste rock.”

B.3.6.1. Change to “Solid / water separation is not retained as standalone ...”

P4 Response (B-2): The text will be revised per the comment.

B.3.7.1. Reword the sentence beginning with “The biological processes ...” as it reads
awkwardly.

P4 Response (B-3): The sentence reads — “The biological processes are less active and
regulated by mechanical means than compared to the ex-situ system discussed in the
previous section.” It will be reworded to say — “The biological processes in the wetlands
system are less active and regulated compared to the more mechanical ex-situ system
discussed in the previous section.”

B.4.4. Change to “which would require additional.”

P4 Response (B-4): The text will be revised per the comment.

B.5.2.1. Change to “applicable to all the areas.”

P4 Response (B-5): The text will be revised per the comment.

B.5.5.1. Change to “For the alluvial system, the technology would likely have ...”
P4 Response (B-6): The text will bewas revised per the comment.

B.5.5.2. Change to “May be a viable technology ...”

P4 Response (B-7): The text will be revised per the comment.

B.5.6.1. Delete “and” to read “COCs including sulfate and TDS.”

P4 Response (B-8): The text will be revised per the comment.
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Editing Comments

P4 Response: The text will be revised based on the editorial comments below.

General Editing Comments

For consistency ensure there is a following comma to read “e.g.,” and “i.e.,” throughout the
document.

Be consistent as to whether it is “snow melt” or “snowmelt.”

Be consistent on use of a hyphen for “in-situ,” and “ex-situ.” There were 60 occurrences, all
were hyphenated. There were no non-hyphenated occurrences. Note that the rules for
hyphenating in situ and ex situ are the same as any other word. If it is an adjective, it should
hyphenated like ““In-situ treatment”. However, “the treatment is in situ”” is also correct.

Be consistent on use of a hyphen and capitalization for “Site-specific.”

Check all instances to see if “off-Site” or “off Site” is correct.

Generally “whereas,” like “however,” is preceded by a semi-colon when separating clauses.
Revise accordingly.

Section Page |Paragraph Specific Editing Comments

1.1 1-1 1 Change to “Shoshone-Bannock Tribes
(Tribes).”

2.0 2-1 1 Change to “COCs / COECs.”

2.3.3 2-8 5 (last) Change “shown and” to “shown in.”

24 2-9 Bullet 1 Change “Drink” to “Drinking.”

3.2.1 3-1 Quoted language Unless it is how it appears in the quote, change
BT ”and “...” to ellipses.
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Section Page |Paragraph Specific Editing Comments
Table 4-6 |1of4 |Row Containment/ In line 3, delete the second “in the.”
Vertical Barriers /
Extraction Trenches
Table 4-6 |2 of 4 |Row Removal and In line 3, delete the second period.
Disposal / Disposal /
Recycle / Reuse
Table 4-6 |3 0of 4 |Row 1 (non-header rows) |Delete the line between Physical and Chemical
Treatment Technologies as they are all Ex-Situ
Treatments.
Table 4-6 |3 0f4 |Row Ex-Situ Treatment/ |In line 3, insert a period between “effluent” and
Physical / Membrane “Membrane.”
Technologies (RO /ED /
NF)
Table 4-6 |3 0of4 |Row In-Situ Treatment/ |In line 5, insert “in” to read “resulting in long-
Chemical / Chemical term.”
Injection (Oxidation /
Hydrolysis)
5.0 5-1 Bullet 2 Italicize ‘Rl / FS Guidance” for consistency.
(Implementability
Evaluation
A2.2.2 A2-3 Change “Native America” to “Native
American”
B.23.1 B-5 Implementability Change to “COCs / COECs.”
B.3.4.1 B-15 |2 (last) Change “pond” to “ponds.”
B.34.1 B-16 |Decision Rationale Change “like” to “likely.”
B.3.6.1 B-23 | Site-Specific Change “efficiently” to “efficiency.”
Considerations
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Section Page |Paragraph Specific Editing Comments
B.3.6.3 B-27 |Site-Specific Change “basins” to “basin.”
Considerations
B.4.2.1 B-32 |Bullet 2 Fencing Change to “COCs / COECs.”
B.4.2.2 B-35 |1 (partial) Insert a hyphen to read “(pre-remedial action).”
B.4.4 B-42 |Bullet 2 Change “soil” to “soils.”
B.5.1 B-42 |Cost Underline “Cost:” for consistency.
B.5.2.2 B-44 |1 Change “need” to “needs” for subject-verb
agreement.
B.5.2.2 B-45 |2 Change “appropriate candidates” to
“appropriate candidate.”
B.5.4.1 B-48 |Implementability in the |Change “formation” to “Formation.”
Wells Formation
B.5.6.1 B-59 |Site-Specific Change “efficiently” to “efficiency.”
Considerations
B.5.6.1 B-60 |Site-Specific Change “efficiently” to “efficiency.”
Considerations
B.5.6.1 B-61 |Partial bullet Change “each technology in this group have
unique” to “each technology in this group has
unique” for subject-verb agreement.
B.5.6.1 B-61 |Decision Rationale Change “blended” to “blending.”
B.5.6.4 B-65 |Cost Insert a comma to read “(alluvial and / or Wells
Formation),” for consistency.
B.5.7.1 B-70 |Decision Rationale Delete “via.”
B.5.7.2 B-70 |1 Change “principals” to “principles.”
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Section Page |Paragraph Specific Editing Comments

B.5.7.2 B-70 |1 Insert “for” to read “favorable conditions for
biological treatment with native bacteria.”

B.5.7.2 B-70 |2 Delete the comma to read “cadmium and
selenium ...”

B.5.7.2 B-71 |Site Specific Change “character of the groundwater systems

Considerations are” to “character of the groundwater systems

is” for subject-verb agreement.

References |B-72 |Smolen citation Change period to comma to read “A.L. Lanier,
1988.” for consistency.

References |B-73 |USEPA.2003 citation Change period to comma to read “USEPA,

2003.” for consistency.
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’é,@ ; S IDAHO OPERATIONS OFFICE
4, pnoﬁ“f\ 950 West Bannock, Suite 900

Boise, Idaho 83702

June 26, 2015

Molly R. Prickett
Environmental Engineer
Monsanto Company

Soda Springs Operations
1853 Highway 34

Soda Springs, Idaho 83276

Re: A/T comments on P4’s Responses to Comments on the Ballard Feasibility Study
Technical Memorandum 1

Dear Ms. Prickett,

The Agencies and Tribes (A/T) have reviewed the above referenced deliverable, submitted
pursuant to the Administrative Settlement Agreement and Order on Consent/Consent Order for
Performance of Remedial Investigation and Feasibility Study at the Enoch, Henry, and Ballard
Mine Sites in Southeastern Idaho (or 2009 AOC). This letter transmits comments on the issues
that remain to be resolved.

We will be available to discuss and clarify these comments during upcoming conference calls,
and could also arrange for a separate call or meeting to discuss comments. Please contact me if
you have questions. | can be reached at 208-378-5763 or electronically at
tomten.dave@epa.gov.

Sincerely,
I1sl/

Dave Tomten
Remedial Project Manager

Attachment

cc: Mike Rowe, IDEQ - Pocatello
Sandi Fisher, US FWS - Chubbuck
Kelly Wright, Shoshone Bannock Tribes
Susan Hanson (for the tribes)
Mary Kaufman, FS — Pocatello (electronic version only)

ﬁ Printed on Recycled Paper


mailto:tomten.dave@epa.gov

Colleen O’Hara-Epperly, BLM (electronic version only)

Vance Drain, MWH (electronic version only)

Cary Faulk, Integrated-Geosolutions (electronic version only)
Talia Martin, Shoshone Bannock Tribes (electronic version only)
Bob Blaesing, BIA (electronic version only)

Dennis Smith, CH2MHill (electronic version only)

Gary Billman, IDL - Pocatello (electronic version only)

Jeremy Moore, US FWS — Chubbuck (electronic version only)
Charles Allbritton, EPA Records Center (electronic version only)



A/T Comments/Requests for Further Clarification of P4’s Response to Comments (6-10-
2015) On FS TM#1

Note: To facilitate clarity, the original A/T comment and the P4 response are presented.
Additional A/T comments or request for more clarification are provided in below the P4
response.

GC#2. In draft Tech Memo #1, P4 proposed establishing soil PRGs = RBCL+BTV. This
approach is a non-starter as it would set soil PRGs above upper threshold levels of the
background data set, and because there is no support for this approach in policy or guidance. See
also specific comments on this approach below. For soil, the methodology for establishing PRGs
is a typically a step-by-step process involving first calculating concentrations of COCs in soil at
an acceptable risk level (RBCLs), and then modifying the risk-based levels by considering
ARARs, target risk range for various receptors, technical limitations, uncertainty, and other
factors including background. There is no rigid formula for this analysis, and the process must
consider a variety of factors to achieve risk management goals. In this case, because RBCLs are
low relative to background, consideration of background will be a key driver in establishing soil
PRGs.

At this point, based on the information provided, the A/ T is not prepared to provide specific
direction on a methodology for establishing soil PRGs. To advance this issue toward resolution,
we believe it would be appropriate to consider some additional information or graphical
presentation of existing information.

Specifically, we are requesting:

e RBCLs for all COCs for other human health exposure scenarios (in addition to residential
scenario), and for all ecological receptors (in addition to the most sensitive).

e Index plots of key COCs grouped by subpopulations with potential decision statistics
displayed.

e Summary table reporting USLs, UPL, and UTLs for various COCs to illustrate differences.

e A description of how soil PRGs would be applied using the amount and type of data
available to make cleanup decisions, in terms of decision rules.

This information will provide additional insight that will allow for more informed and balanced
risk management decisions. Proposed decision rules regarding application of PRGs will need to
consider the potential for uptake by veg over an appropriate soil depth and consider how
variability over a source area (including presence of hot spots) would be handled.

P4 Response (GC#2): Based on the A/T comment, P4 is proposing that preliminary
cleanup levels for purpose of evaluating alternatives in the FS are based on the higher of
the lowest RBCL or background value.



Bullet #1: The soil RBCLs in the current memorandum are based on the most
conservative receptor and, and the lowest soil RBCL for a given COC/COEC is typically
lower than background. As a result, PCLs for most of the COCs/ROCs are based on
background values. P4 proposes to calculate soil RBCLs only for key human health
receptors (i.e., seasonal rancher, recreational hunter and camper/hiker) and for key
COCs/ROCs.

Bullet #2: Agreed. P4 will provide index plots for a few key soil COCs/ROCs/COECs, as
described in the e-mail from Dave Tomten to Molly Prickett, dated June 3, 2015. An
example is provided on the next page.

Bullet #3: Agreed. A summary table comparing statistical parameters (e.g., USLs, UTLs,
and UCLs) for metals concentrations in upland background soil will be provided.

Bullet #4: Details of the anticipated confirmation sampling program (e.g., how soil
sample and other data collected during the RA will be evaluated against the ROD-
approved cleanup levels) typically are defined during the preparation of in the RA Work
Plan (following approval of the Final Remedial Design). Therefore, we believe it is
premature to define ““possible” decision rules before the Site remedy is selected and the
appropriate decision rules can be defined based on the Selected Remedy.

A/T Response to P4 GC2:

Note that the A/ T is still not prepared to provide specific direction on soil PCLs. As we have
discussed, the starting point for this risk management decision is a thorough understanding of
RBCLs for all receptors. Once this information is provided (see below), we will be better
positioned to consider other factors (including background, uncertainty, technical limitation, and
other factors) to determine where within the acceptable risk range to establish PCLs. This more
deliberate stepwise approach will help to ensure that risk managers are comfortable with soil
PCLs.

The Agencies requested to have RBCLs calculated for all HH exposure scenarios/receptors that
were determined to have unacceptable risks in the risk assessment to understand which species
may be protected by a background-based PCL that is above the most conservative RBC. For
example, if the lowest Se RBC for soil is 0.6 mg/kg for the vole and a background level is 29
mg/kg, then the PCL would be 29 mg/kg. It would be useful to know whether RBCs for elk,
coyote, harriers, etc would be lower or higher than 29 mg/kg.

It is also requested that the pooled 95% UCL be added to the Index Plot.

We believe it is appropriate to provide a general description of how a PCL for soil would be
applied so that the scope of remedial action may be defined. This is because there are several
approaches that may be used to implement a PCL (for example, as an area average, as a not to
exceed value with or without a proportion test, and other variations) which may have significant
implications at some sites for the scope of action. We will provide further thoughts on this matter
when we provide direction on PCLs. We agree that specific decision rules or other procedures



for determining achievement of RAOs or remedy performance may be deferred to the RA Work
Plan.

SC-34 Table 2-1. The use of footnote d is confusing and appears to be in error. Footnote d
apparently indicates dissolved contaminant levels were used, however this footnote is
used for sediment which is nonsensical. This footnote is also used for cattle-surface
water. Unlike protection of fish, which often uses dissolved levels for comparisons with
water quality criteria, cattle would be exposed to total metals concentrations. Revisions to
the table are necessary.

P4 Response (SC-34): Footnote d will be removed from the "Aquatic Plant - Sediment"
row of Table 2-1. Although aquatic plants were evaluated for surface water COPCs, as
described in the BRA, all plant tissue concentrations were based on sediment
concentrations and sediment uptake factors due to uncertainty associated with surface
water uptake factors.

The use of dissolved, rather than total, metals concentration to model cattle and upper trophic
level ecological surface water ingestion is consistent with the approach used in the approved
Human Health and Ecological Risk Assessment Work Plan (MWH, 2011) Ballard Mine BRA
(MWH, 2014), as well as the plan for long-term monitoring since 2009. The approved 2009 and
2010 Surface Water Monitoring Sampling and Analysis Plan (MWH, 2009) stated that dissolved
or total metals will be used in surface water depending upon the form of the metal serving as the
basis for the screening standard (i.e., the dissolved fraction for all analytes except selenium).

A/T Response to P4 SC#34 - The response that the use of dissolved, rather than total, metals
concentration to model cattle surface water ingestion is consistent with the approach used in the
approved HHRA and ERA Work Plan is true, however this appears to have been oversight. P4
also indicates that the approved 2009 and 2010 Surface Water Monitoring Sampling and
Analysis Plan (MWH, 2009) stated that dissolved or total metals will be used in surface water
depending upon the form of the metal serving as the basis for the screening standard (i.e., the
dissolved fraction for all analytes except selenium), however there was no screening level for
mammal surface water ingestion and cattle would not filter water prior to consumption. The
screening levels P4 are referring to are for aquatic organisms. Additional discussion may be
warranted to address this, although surface water ingestion is not likely as significant of an
uptake pathway as soil and vegetation ingestion.

SC-36 Drawing 2-2. Does this drawing also include co-located sediment sample locations?
Revise accordingly.

P4 Response (SC-36): This drawing shows the station locations for surface water, sediment and
riparian soil. It does not show the exact sample locations. For example, during the 2010
supplemental sediment and riparian soil sampling, up to five sediment locations may have been
collected from select pond and stream stations. The location of these samples on Drawing 2-2 is
not necessary given that Section 2.0 of FS Memo #1 is a summary of the nature and extent of



contamination at the Ballard Site. Also, the exact location of these samples would not be
distinguished given the scale of the drawing. No revisions to Drawing 2-2 are necessary.

A/T Response to SC-36 Drawing 2-2. Revise the title to include the fact that sediment locations
are also included in this drawing.

SC-46 3.5. Calculating preliminary cleanup levels for soil or sediment for a given COC / COEC
by adding background concentrations (upper threshold values) and the lowest risk based
screening level together would not appear to protect resident receptors from toxicological
effects. This observation is based on the fact that if chemical concentrations in soil and
sediment exceed a RBCL because background is added to the RBCL, the receptor for
which the PCL was derived would potentially be exposed to a COC / COEC above a
given toxicity value. Thus, by nature, the proposed PCLs are not conservative in that they
would appear to be permitting some level of risk to sensitive receptors exposed to Site
media. Despite the cited cases (in the document) in which this methodology
(PCL=background + RBCL) was used, it does not appear to be adequately protective of
receptors in cases where both background and RBCLs are exceeded. Also note that in the
FMC example cited, that an estimate of central tendency was used as a starting point.
Thus the proposed additive approach using a USL as a starting point is unacceptable. See
also general comments on use of background in establishing PRGs.

P4 Response (SC-46): PCLs will be based on the higher of the most conservative receptor
RBCL and background as discussed in P4’s response to GC#2. However, please note that at the
FMC site, the background values were an estimate of the 95% UCL on the mean concentration
rather than an estimate of central tendency.

A/T Response to P4 SC-46 — Please clarify the last sentence. The 95% UCL mean is an estimate
of central tendency. The final sentence suggests otherwise.

SC-51 3.5. The PRG / PCL discussion incorrectly cites the FMC Plant OU to support a Risk +
Background level approach. FMC utilized a Risk + Background approach, but only for
radium; not for metals or other constituents. FMC also used a central tendency estimate
of background, which is not comparable the proposed 95% USL (upper simultaneous
limit). Because background was estimated as a central tendency, it was necessary to add a
risk increment to delineate background in the field. The sum of the central tendency
background estimate and a 10 cancer risk based level is significantly less than the sum
of the 95% USL and 10 cancer risk based level and is likely less than the 95% USL
(without the additional risk increment).

P4 Response (SC-51): PCLs will be based on the higher of the most conservative receptor
RBCL and background as discussed in P4’s response to GC#2. However, please note that at the
FMC site, the background values were an estimate of the 95% UCL on the mean concentration
rather than an estimate of central tendency.

A/T Response to P4 SC-51 - Please clarify the last sentence. The 95% UCL on the mean is an
estimate of central tendency. The last sentence suggests otherwise.




A-1  Appendix A. It is difficult to replicate the RBCLSs, so as during the review of the BRA, it
would be useful to for P4 to provide the actual calculation tables to review the inputs and
equations. Please provide all or at least some example tables for review.

P4 Response (A-1): Agreed. Example RBCL spreadsheets will be provided for one or two
RBCLs.

A/T Response to P4 A-1 — The A/T request all spreadsheets used to calculate RBCLSs.

A-2  A2.2. According to this section, PCLs were not calculated for seasonal ranchers because
it was determined to not be a high risk receptor. However, Table 2-2 of the main text
indicates that risk to seasonal ranchers is high (H1>40) through the consumption of cattle.
How will this be addressed in the FS?

P4 Response (A-2): PCLs were not calculated for the seasonal rancher because risk estimates
for the hypothetical future resident and Native American were substantially higher than those for
the seasonal rancher. Please also see P4’s response to GC#2.

AJ/T Response to P4 A-2 - The concern is that, if the ultimate remedial action for protection of
residents is institutional controls, then there would be no PCL available for less conservative
receptor exposure scenario. Please provide RCBLs. See also comment above.
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Vance Drain

P4's Responses to Supplemental A/T Comments on the Draft Ballard Feasibility Study
Technical Memorandum #1 (Rev 0)

P4 RTCs supplemental AT comments on RTCs on TM1 (7-15-2015).docx; Tables 1 to 3
P4 RBCLs and Background Statistics (07-15-15).pdf; P4 Background Index Plots
(07-15-15).pdf

P4 prepared and submitted the Ballard Mine Feasibility Study Report Memorandum #1 — Site Background and Screening
of Technologies - Draft Revision 0 (Draft Ballard FS Memo #1) on March 6,2015. The A/Ts reviewed and submitted

comments on the Draft Ballard FS Memo #1 to P4 on May 15, 2015. P4 provided responses to the initial A/T comments
(RTCs) on June 10, 2015. The A/Ts on June 26, 2015, then provided supplemental comments on P4’s June 10, 2015 RTC

document.

Attached to this email are P4’s responses to the A/Ts’ supplemental June 26" comments referenced above, index plots
and risk-based cleanup levels (RBCLs) for human, ecological, and livestock receptors and background summary statistic
tables as requested in your comments. The RBCL backup calculations will be submitted as soon as possible.

Please let us know if you have any questions or concerns regarding these supplemental RTCs, and we can discuss any
issues that you may have during the next bi-weekly call.

Best Regards,

Vance
PM for P4
801 617 3250



P4’s Responses to A/T Comments dated June 26, 2015
On P4’s June 10, 2015 Responses to the A/T Comments dated May 15, 2015 on the

Feasibility Study Technical Memorandum for P4's Ballard Mine Draft Revision 0, March
2015

Note: To facilitate clarity, the original A/T comment and the P4 response are presented.
Additional A/T comments or request for more clarification are provided in below the P4
response.

GC#2. In draft Tech Memo #1, P4 proposed establishing soil PRGs = RBCL+BTV. This
approach is a non-starter as it would set soil PRGs above upper threshold levels of the
background data set, and because there is no support for this approach in policy or guidance. See
also specific comments on this approach below. For soil, the methodology for establishing PRGs
is a typically a step-by-step process involving first calculating concentrations of COCs in soil at
an acceptable risk level (RBCLs), and then modifying the risk-based levels by considering
ARARs, target risk range for various receptors, technical limitations, uncertainty, and other
factors including background. There is no rigid formula for this analysis, and the process must
consider a variety of factors to achieve risk management goals. In this case, because RBCLs are
low relative to background, consideration of background will be a key driver in establishing soil
PRGs.

At this point, based on the information provided, the A/ T is not prepared to provide specific
direction on a methodology for establishing soil PRGs. To advance this issue toward resolution,
we believe it would be appropriate to consider some additional information or graphical
presentation of existing information.

Specifically, we are requesting:

e RBCLs for all COCs for other human health exposure scenarios (in addition to residential
scenario), and for all ecological receptors (in addition to the most sensitive).

e Index plots of key COCs grouped by subpopulations with potential decision statistics
displayed.

e Summary table reporting USLs, UPL, and UTLs for various COCs to illustrate differences.

e A description of how soil PRGs would be applied using the amount and type of data
available to make cleanup decisions, in terms of decision rules.

This information will provide additional insight that will allow for more informed and balanced
risk management decisions. Proposed decision rules regarding application of PRGs will need to
consider the potential for uptake by veg over an appropriate soil depth and consider how
variability over a source area (including presence of hot spots) would be handled.
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P4 Response (GC#2): Based on the A/T comment, P4 is proposing that preliminary
cleanup levels for purpose of evaluating alternatives in the FS are based on the higher of
the lowest RBCL or background value.

Bullet #1: The soil RBCLs in the current memorandum are based on the most
conservative receptor and, and the lowest soil RBCL for a given COC/COEC is typically
lower than background. As a result, PCLs for most of the COCs/ROCs are based on
background values. P4 proposes to calculate soil RBCLs only for key human health
receptors (i.e., seasonal rancher, recreational hunter and camper/hiker) and for key
COCs/ROCs.

Bullet #2: Agreed. P4 will provide index plots for a few key soil COCs/ROCs/COECs, as
described in the e-mail from Dave Tomten to Molly Prickett, dated June 3, 2015. An
example is provided on the next page.

Bullet #3: Agreed. A summary table comparing statistical parameters (e.g., USLs, UTLSs,
and UCLs) for metals concentrations in upland background soil will be provided.

Bullet #4: Details of the anticipated confirmation sampling program (e.g., how soil
sample and other data collected during the RA will be evaluated against the ROD-
approved cleanup levels) typically are defined during the preparation of in the RA Work
Plan (following approval of the Final Remedial Design). Therefore, we believe it is
premature to define ““possible” decision rules before the Site remedy is selected and the
appropriate decision rules can be defined based on the Selected Remedy.

AJ/T Response to P4 GC2:

Note that the A / T is still not prepared to provide specific direction on soil PCLs. As we have
discussed, the starting point for this risk management decision is a thorough understanding of
RBCLs for all receptors. Once this information is provided (see below), we will be better
positioned to consider other factors (including background, uncertainty, technical limitation, and
other factors) to determine where within the acceptable risk range to establish PCLs. This more
deliberate stepwise approach will help to ensure that risk managers are comfortable with soil
PCLs.

The Agencies requested to have RBCLs calculated for all HH exposure scenarios/receptors that
were determined to have unacceptable risks in the risk assessment to understand which species
may be protected by a background-based PCL that is above the most conservative RBC. For
example, if the lowest Se RBC for soil is 0.6 mg/kg for the vole and a background level is 29
mg/kg, then the PCL would be 29 mg/kg. It would be useful to know whether RBCs for elk,
coyote, harriers, etc would be lower or higher than 29 mg/kg.

It is also requested that the pooled 95% UCL be added to the Index Plot.
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We believe it is appropriate to provide a general description of how a PCL for soil would be
applied so that the scope of remedial action may be defined. This is because there are several
approaches that may be used to implement a PCL (for example, as an area average, as a not to
exceed value with or without a proportion test, and other variations) which may have significant
implications at some sites for the scope of action. We will provide further thoughts on this matter
when we provide direction on PCLs. We agree that specific decision rules or other procedures
for determining achievement of RAOs or remedy performance may be deferred to the RA Work
Plan.

P4’s Supplemental Response (GC#2): P4 has developed RBCLs for human, ecological,
and livestock receptors that were evaluated in the Ballard Mine BRA. Human RBCLs are
presented in Table 1 for the following receptors: hypothetical future resident, Native
American, current/future seasonal rancher, current/future recreational hunter and
current/future camper/hiker. Ecological RBCLs are presented in Table 2 for the
following receptors: deer mouse, American robin, American goldfinch, long-tailed vole,
northern harrier, coyote, elk, mink, great blue heron, mallard, and raccoon. Livestock
receptor RBCLs are presented in Table 3 for cattle.

Additional index plots for arsenic, cadmium, uranium, and radium-226 have been created
and are included in P4 Background Index Plots.pdf. The new index plots, as well as the
previous example plot for selenium, include the 95% USL, the 95-95 UTL, and the 95%
UCL on the mean calculated from the pooled dataset, as well as the formation-weighted
averages of the three statistics listed above.

P4 will provide a general description of how the PCLs for soil will be applied during the
remedial action in the Ballard Mine FS Memo #1 depending on the background statistic
that is selected in coordination with the A/Ts. For example, statements or a flowchart
will be provided that include the following:
e Use of discrete or composite random samples over an area for comparison to the
PCLs
e Use of percentage for defining whether an area passes or fails (e.g., if 10% of
confirmation/verification sampling results are above the PCL, further remedial
action is required in an appropriately-sized area).
e Regulatory guidance on the use of USLs, UTLs and UCLs on the mean
concentrations during remedial decisions.

As described in USEPA’s Robust Statistical Intervals for Performance Evaluations
(USEPA, 1999), the UCL, UPL and USL ““...are significantly different from each other
and care must be exercised to use them appropriately. For example, at a polluted site the
objective may be to obtain a threshold value estimating the background level
contamination prior to any activity that polluted the site. Here, the upper simultaneous
limit, USL, and not the upper confidence limit, UCL, for the population mean may be
used.” Use of a confidence interval (e.g. UCL) for the mean or a prediction interval
(e.g., UPL) for a single future observation *...is inappropriate when the objective is to
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obtain a statistical interval providing simultaneous coverage for the majority of the
participants (observations).”

SC-34 Table 2-1. The use of footnote d is confusing and appears to be in error. Footnote d
apparently indicates dissolved contaminant levels were used, however this footnote is used for
sediment which is nonsensical. This footnote is also used for cattle-surface water. Unlike
protection of fish, which often uses dissolved levels for comparisons with water quality criteria,
cattle would be exposed to total metals concentrations. Revisions to the table are necessary.

P4 Response (SC-34): Footnote d will be removed from the "Aquatic Plant - Sediment”
row of Table 2-1. Although aquatic plants were evaluated for surface water COPCs, as
described in the BRA, all plant tissue concentrations were based on sediment
concentrations and sediment uptake factors due to uncertainty associated with surface
water uptake factors.

The use of dissolved, rather than total, metals concentration to model cattle and upper
trophic level ecological surface water ingestion is consistent with the approach used in
the approved Human Health and Ecological Risk Assessment Work Plan (MWH, 2011)
Ballard Mine BRA (MWH, 2014), as well as the plan for long-term monitoring since
2009. The approved 2009 and 2010 Surface Water Monitoring Sampling and Analysis
Plan (MWH, 2009) stated that dissolved or total metals will be used in surface water
depending upon the form of the metal serving as the basis for the screening standard (i.e.,
the dissolved fraction for all analytes except selenium).

AJ/T Response to P4 SC#34 - The response that the use of dissolved, rather than total, metals
concentration to model cattle surface water ingestion is consistent with the approach used in the
approved HHRA and ERA Work Plan is true, however this appears to have been oversight. P4
also indicates that the approved 2009 and 2010 Surface Water Monitoring Sampling and
Analysis Plan (MWH, 2009) stated that dissolved or total metals will be used in surface water
depending upon the form of the metal serving as the basis for the screening standard (i.e., the
dissolved fraction for all analytes except selenium), however there was no screening level for
mammal surface water ingestion and cattle would not filter water prior to consumption. The
screening levels P4 are referring to are for aquatic organisms. Additional discussion may be
warranted to address this, although surface water ingestion is not likely as significant of an
uptake pathway as soil and vegetation ingestion.

P4’s Supplemental Response (SC-34): Regarding the use of dissolved, rather than total,
metals concentration to model surface water ingestion for cattle and upper trophic level
ecological receptors. Please note that sampling investigations and risk assessments for
the Area-Wide Investigation and mine-specific RIs historically have been based on
dissolved surface water concentrations for metals other than selenium and total surface
water concentrations for selenium as presented in the following investigations.

e 1998 Regional Investigation (Montgomery Watson, 1999).
e 1999 — 2000 Regional Investigation (Montgomery Watson, 2000).
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e 2004 Selenium Area Wide Investigation (IDEQ, 2005).

e 2004 Southeast Idaho Mine-Specific Selenium Program - Comprehensive Site
Investigation (MWH, 2004).

e 2009 and 2010 Surface Water Monitoring Investigations for the P4 Mine Sites
(MWH, 2009).

e 2012 Surface Water and Groundwater Monitoring Programs for the P4 Mine Sites
(MWH, 2012).

e 2013 P4 Long-Term Surface Water and Groundwater Monitoring Plan (MWH, 2013).

e 2014 P4 Long-Term Surface Water and Groundwater Monitoring Plan (MWH, 2014).

e 2015 Sampling and Analysis Plan for P4 Long-Term Monitoring of Surface Water
and Groundwater Ballard, Henry and Enoch Valley Mines (MWH, 2015).

Surface water monitoring results derived from the 1998 Regional Investigation
(Montgomery Watson, 1999) and the 2009 and 2010 Surface Water Monitoring
Investigations for the P4 Mine Sites (MWH, 2009) were used to evaluate risks to human
and ecological receptors in the Area Wide Human Health and Ecological Risk
Assessment (Tetra Tech EMI, 2002) and in the Ballard Mine Remedial Investigation /
Baseline Risk Assessment Report (MWH, 2014), respectively.

As the reviewer correctly points out, the surface water ingestion pathway contributed a
relatively minor portion of the total exposure doses and hazard quotients (HQ) for cattle
and ecological receptors in the BRA prepared for the Ballard Mine. For example, the
NOAEL-based Tier 11 HQ estimates for beef cattle exposed to Ballard Mine upland soil,
surface water, and vegetation ranged from 0.32 to 2.5, as shown in Table A5-5 of the
Ballard Mine RI Report. The only chemical with a NOAEL-based Tier Il hazard estimate
exceeding the hazard criterion (HQ) of 1 for beef cattle is selenium (HQ = 2.5). The
surface water pathway contributed 13% to the total NOAEL-based Tier Il HQ estimate
for beef cattle exposed to selenium at the Ballard Mine. Please note that the HQ for
selenium in beef cattle was estimated using a total surface water concentration (versus a
dissolved concentration) and the surface water pathway still only contributed a minor
portion of the total hazard estimate. As a result, the use of dissolved versus total
concentrations of COPCs and COPECs in surface water is unlikely to have a significant
impact on risk estimates or RBCLs for these receptors. P4 proposes to address this issue
in the Uncertainty Analysis discussion of future BRAs prepared for the Henry and Enoch
Valley Mines.

SC-36 Drawing 2-2. Does this drawing also include co-located sediment sample locations?
Revise accordingly.

P4 Response (SC-36): This drawing shows the station locations for surface water,
sediment and riparian soil. It does not show the exact sample locations. For example,
during the 2010 supplemental sediment and riparian soil sampling, up to five sediment
locations may have been collected from select pond and stream stations. The location of
these samples on Drawing 2-2 is not necessary given that Section 2.0 of FS Memo #1 is a
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summary of the nature and extent of contamination at the Ballard Site. Also, the exact
location of these samples would not be distinguished given the scale of the drawing. No
revisions to Drawing 2-2 are necessary.

A/T Response to SC-36 Drawing 2-2. Revise the title to include the fact that sediment locations
are also included in this drawing.

P4’s Supplemental Response (SC-36): The Drawing 2-2 title will be revised to “Surface
Water, Sediment, and Riparian Soil and Vegetation Sample Locations.”

SC-46 3.5. Calculating preliminary cleanup levels for soil or sediment for a given COC / COEC
by adding background concentrations (upper threshold values) and the lowest risk based
screening level together would not appear to protect resident receptors from toxicological effects.
This observation is based on the fact that if chemical concentrations in soil and sediment exceed
a RBCL because background is added to the RBCL, the receptor for which the PCL was derived
would potentially be exposed to a COC / COEC above a given toxicity value. Thus, by nature,
the proposed PCLs are not conservative in that they would appear to be permitting some level of
risk to sensitive receptors exposed to Site media. Despite the cited cases (in the document) in
which this methodology (PCL=background + RBCL) was used, it does not appear to be
adequately protective of receptors in cases where both background and RBCLSs are exceeded.
Also note that in the FMC example cited, that an estimate of central tendency was used as a
starting point. Thus the proposed additive approach using a USL as a starting point is
unacceptable. See also general comments on use of background in establishing PRGs.

P4 Response (SC-46): PCLs will be based on the higher of the most conservative
receptor RBCL and background as discussed in P4’s response to GC#2. However,
please note that at the FMC site, the background values were an estimate of the 95%
UCL on the mean concentration rather than an estimate of central tendency.

AJ/T Response to P4 SC-46 — Please clarify the last sentence. The 95% UCL mean is an estimate
of central tendency. The final sentence suggests otherwise.

P4’s Supplemental Response (SC-46): We misinterpreted the original comment. The
RTC’s included in Appendix C of the Draft Final FS Memo #1 will be revised to strikeout
the last sentence.

SC-51 3.5. The PRG / PCL discussion incorrectly cites the FMC Plant OU to support a Risk +
Background level approach. FMC utilized a Risk + Background approach, but only for radium;
not for metals or other constituents. FMC also used a central tendency estimate of background,
which is not comparable the proposed 95% USL (upper simultaneous limit). Because
background was estimated as a central tendency, it was necessary to add a risk increment to
delineate background in the field. The sum of the central tendency background estimate and a 10°
4 cancer risk based level is significantly less than the sum of the 95% USL and 10 cancer risk
based level and is likely less than the 95% USL (without the additional risk increment).
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P4 Response (SC-51): PCLs will be based on the higher of the most conservative
receptor RBCL and background as discussed in P4’s response to GC#2. However,
please note that at the FMC site, the background values were an estimate of the 95%
UCL on the mean concentration rather than an estimate of central tendency.

A/T Response to P4 SC-51 - Please clarify the last sentence. The 95% UCL on the mean is an
estimate of central tendency. The last sentence suggests otherwise.

P4’s Supplemental Response (SC-51): Please refer to our response to SC-46 above.

A-1  Appendix A. It is difficult to replicate the RBCLSs, so as during the review of the BRA, it
would be useful to for P4 to provide the actual calculation tables to review the inputs and
equations. Please provide all or at least some example tables for review.

P4 Response (A-1): Agreed. Example RBCL spreadsheets will be provided for one or
two RBCLs.

AJ/T Response to P4 A-1 — The A/T request all spreadsheets used to calculate RBCLSs.

P4’s Supplemental Response (A-1): Agreed. The spreadsheets used to calculate RBCLS
will be transmitted electronically to the A/Ts and if necessary attached to the Ballard
Mine FS Memo #1.

A-2  A2.2. According to this section, PCLs were not calculated for seasonal ranchers because
it was determined to not be a high risk receptor. However, Table 2-2 of the main text indicates
that risk to seasonal ranchers is high (H1>40) through the consumption of cattle. How will this be
addressed in the FS?

P4 Response (A-2): PCLs were not calculated for the seasonal rancher because risk
estimates for the hypothetical future resident and Native American were substantially
higher than those for the seasonal rancher. Please also see P4’s response to GC#2.

A/T Response to P4 A-2 - The concern is that, if the ultimate remedial action for protection of
residents is institutional controls, then there would be no PCL available for less conservative
receptor exposure scenario. Please provide RCBLs. See also comment above.

P4’s Supplemental Response (A-2): See P4’s response to GC#2 above. RBCLs have
been calculated for all human, ecological, and livestock receptors that were evaluated in
the Ballard Mine BRA.



Table 1
Soil and Sediment Human Health RBCLs and Background Statistics
Cumulative RBCL Background Statistic
Primary Media Current/Future Hy';'fthetica' C”ge"” Future %”"e"” fu.t"re Current/Future| |, @ ledgs0, | Weighted | o d95.95| Weighted | Pooled 95% Xxi'rgagfgf
COC/ROCICOEC | Native American ® uture easonal amper/Hiker | Recreational USL Average of UTL Average of 95{ UCL on the 95% UCL on
Resident * Rancher * 2 Hunter ® 95% USL 95 UTL Mean
the Mean
Upland Soil
Antimony 0.247 0.247 28.1 2,912 3,425 3.60 1.50 3.60 1.39 1.04 0.726
Arsenic 1.31 1.26 11.2 2,074 3,104 23.3 13.2 15.6 12.9 8.20 8.69
Cadmium 8.99 14.8 81.4 8,861 10,801 44.0 22.7 41.0 21.9 13.6 10.5
Chromium - - - - - - - - - - -
Copper - - - - - - - - - - -
Molybdenum 31.0 2.62 61.5 59,092 78,011 29.0 10.4 29.0 10.2 7.94 6.62
Nickel - - - - - - - - - - -
Radium-226 0.244 0.244 541 20.8 13.0 19.0 9.63 15.1 9.68 7.19 4.66
Selenium 1.23 3.61 42.4 47,017 58,280 29.0 16.2 29.0 14.9 6.67 5.23
Thallium 0.404 0.0440 0.0345 118 156 1.30 0.680 1.10 0.666 0.510 0.407
Uranium 0.439 65.8 275 7,087 9,348 42.0 19.0 36.0 18.5 10.2 8.22
Vanadium - - - - - - - - - - -
Zinc - - - - - - - - - - -
Riparian Soil i
Arsenic 0.110 -- -- -- -- 5.93 NC 5.44 NC 4.43 NC
Cadmium 7.24 -- -- -- -- 5.02 NC 5.03 NC 2.81 NC
Chromium -- -- -- -- -- -- -- -- -- -- --
Copper - - - - - - - - - - -
Molybdenum 3.23 -- - - - 0.653 NC 0.659 NC 0.508 NC
Nickel 13.9 -- -- - - 29.6 NC 29.7 NC 20.2 NC
Selenium 15.5 -- -- - - 2.03 NC 2.22 NC 1.12 NC
Thallium 0.00734 - - - - 0.483 NC 0.611 NC 0.333 NC
Vanadium 3.63 -- - - - 57.9 NC 60.6 NC 37.0 NC
Sediment °
Antimony -- -- -- -- -- -- -- -- -- -- --
Arsenic 2.33 - -- - - 455 ° NC NC ° NC NC ° NC
Cadmium 0.828 -- -- -- -- 4.17 NC 452 NC 2.29 NC
Copper - - - - - - - - - - -
Molybdenum - - - - - - - - - - -
Selenium 4.70 -- -- - - 1.48 NC 157 NC 1.01 NC
Thallium -- -- -- -- -- -- -- -- -- -- --
Vanadium -- -- -- -- -- -- -- -- -- -- --
Notes:
All concentrations are in units of milligrams per kilogram (mg/kg) with the exception of radium-226, which are in picoCuries per gram (pCi/g).
a The RBCL for arsenic and radium-226 are based on a target cancer risk of 1x10-4; all other RBCLs are based on a target hazard quotient of 1. The 1x10-5 and 1x10-6 cancer risks can be
determined by dividing the 1x10-4 RBCL by 10 and 100, respectively.
b The evaluation of remedial alternatives for riparian soil and sediment are combined in Section 4.0 of this FS because it is likely that these media will have the same selected remedy as they are
adjacent and contiguous. Potential future remedial activities in the sediment/riparian corridors at the Site likely will have to consider a single, unified cleanup list of cleanup levels for these media
¢ The 95% USL was selected as the proposed background level for sediment and riparian soil datasets containing five or more detections. When a dataset contained fewer than five detections, the
maximum detected concentration was proposed as the background level. If there were no detected results in a dataset, the maximum detection limit for non-detects was proposed as the
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Soil and Sediment Human Health RBCLs and Background Statistics

-- not applicable; the analyte was not a COC/ROC/COEC in that medium.
COC - chemical of concern

COEC - chemical of ecological concern
ROC - radionculide of concern

NA - Not applicable

NC - Not calculated

ND - Not detected

RBCL - risk-based cleanup level

UCL - upper confidence limit

USL - upper simultaneous limit

UTL - upper thresold limit
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Table 2
Soil and Sediment Ecological RBCLs and Background Statistics

Cumulative RBCL

Background Statistic

. . Weighted
Primary Media |Deer Mouse| American | American .IF:iTSC; Northern 2 a . .. |GreatBlue a a | Pooled 95% AN elghtedf Pooled 95- Xv elghtedf I:’cé:oLled Qti% Avergge of
COC/COEC 2 Robin® | Goldfinch ? a Harrier® | CoYote Elk Mink Heron® | Mallard™ | Raccoon usL Vg C 95 UTL vorage o on € 195% ucL on
Vole 95% USL 95-95 UTL Mean
the Mean
Upland Soil
Antimony 0.703 NA NA 3.15 NA 34.2 6,943 - - - - 3.60 1.50 3.60 1.39 1.04 0.726
Arsenic -- -- -- - -- -- -- -- -- -- -- -- -- -- -- -- --
Cadmium 1.28 3.00 38.2 38.2 290 503 63,265 - - - - 44.0 22.7 41.0 21.9 13.6 10.5
Chromium 86.3 743 90.4 247 728 2,114 440,862 - - - - 420 237 410 205 108 80.1
Copper 110 745 88.7 195 2,052 7,198 317,302 - - - - 68.3 46.7 51.9 45.3 27.0 28.4
Molybdenum 1.37 25.3 13.0 0.895 50.0 141 1,398 - - - - 29.0 10.4 29.0 10.2 7.94 6.62
Nickel 20.7 775 197 112 2,489 1,489 189,385 - - - - 230 112 220 109 69.8 56.6
Radium-226 - - - - - - - - - - - - - - - - -
Selenium 0.864 2.70 1.30 0.605 721 92.8 946 - - - - 29.0 16.2 29.0 14.9 6.67 5.23
Thallium 0.0400 3.78 6.07 0.0884 36.26 1.30 142 - - - - 1.30 0.680 1.10 0.666 0.510 0.407
Uranium -- -- -- - -- -- -- - -- -- - -- -- -- -- -- --
Vanadium 552 20.6 12.1 483 249 5,696 877,540 - - - - 370 140 300 135 93.3 63.3
Zinc 1,028 729 1,426 2,562 100,200 | 134,182 b - - - - 1,200 540 1,200 536 473 412
Riparian Soil °
Arsenic -- -- -- - -- -- -- - - -- -- -- -- -- -- -- --
Cadmium - - - - - - - 8.66 8.74 - 181 5.02 NC 5.03 NC 2.81 NC
Chromium - - - - - - - 26.1 238 - 2,461 43.3 NC 455 NC 27.9 NC
Copper - - - - - - - 9.90 220 - 4,410 243 NC 25.0 NC 185 NC
Molybdenum - - - - - - - 0.495 56.3 - 53.4 0.653 NC 0.659 NC 0.508 NC
Nickel - - - - - - - 11.6 206 - 960 29.6 NC 29.7 NC 20.2 NC
Selenium - - - - - - - 0.110 17.0 - 105 2.03 NC 2.22 NC 1.12 NC
Thallium - - - - - - - 0.0373 10.0 - 2.09 0.483 NC 0.611 NC 0.333 NC
Vanadium - - - - - - - 81.5 204 - 7,916 57.9 NC 60.6 NC 37.0 NC
Sediment ©
Antimony - - - - - - - 0.123 NA NA 25.8 5.00 ¢ NC NC° NC NC° NC
Arsenic -- -- -- - - -- - - - -- - -- -- -- -- -- --
Cadmium - - - - - - - 1.73 81.5 486 1,013 4.17 NC 452 NC 2.29 NC
Copper - - - - - - - 0.831 352 3,595 11,233 2551 NC NC ¢ NC NC ¢ NC
Molybdenum - - - - - - - 0.541 55.9 226 88.0 <0.500 ¢ NC NC ¢ NC NC ¢ NC
Selenium - - - - - - - 0.212 8.89 16.8 42.6 1.48 NC 1.57 NC 1.01 NC
Thallium - - - - - - - 0.00770 5.53 24.1 1.68 0.378 ¢ NC NC ¢ NC NC ¢ NC
Vanadium - - - - - - - 206 113 285 7,707 491 NC 52.1 NC 33.0 NC
Notes:

All concentrations are milligrams per kilogram (mg/kg).
a The RBCLs are based on a target hazard quotient of 1.

b Concentration exceeds 1,000,000 milligrams per kilogram - adverse health effects are negligble

¢ The evaluation of remedial alternatives for riparian soil and sediment are combined in Section 4.0 of this FS because it is likely that these media will have the same selected remedy as they are adjacent and contiguous. Potential future remedial
activities in the sediment/riparian corridors at the Site likely will have to consider a single, unified cleanup list of cleanup levels for these media because of their proximity.

d The 95% USL was selected as the proposed background level for sediment and riparian soil datasets containing five or more detections. When a dataset contained fewer than five detections, the maximum detected concentration was proposed as the
background level. If there were no detected results in a dataset, the maximum detection limit for non-detects was proposed as the background level.

-- not applicable; the analyte was not a COC/ROC/COEC in that medium.

COC - chemical of concern
COEC - chemical of ecological concern
NA - not available; no published toxicity information for avian species for this COEC
NC - Not calculated

RBCL - risk-based cleanup level

UCL - upper confidence limit
USL - upper simultaneous limit
UTL - upper thresold limit

Page 1 of 1



Soil Livestock RBCLs and Background Statistics

Table 3

Cumulative RBCL

Background Statistic

Primary Media
COC/COEC/LCOC

Beef Cattle

Pooled 95%
USL

Weighted
Average of
95% USL

Pooled 95-95
UTL

Weighted
Average of 95-
95 UTL

Pooled 95%
UCL on the
Mean

Weighted
Average of
95% UCL on

the Mean

Upland Soil

Antimony

Arsenic

Cadmium

Chromium

Copper

Molybdenum

Nickel

Radium-226

Selenium

Thallium

Uranium

Vanadium

Zinc

Notes:

All concentrations are milligrams per kilogram (mg/kg).
@ The RBCLs are based on a target hazard quotient of 1.
-- not applicable; the analyte was not a COC/ROC/COEC/LCOC in that medium.

COC - chemical of concern

COEC - chemical of ecological concern
LCOC - livestock chemical of concern
RBCL - risk-based cleanup level

UCL - upper confidence limit

USL - upper simultaneous limit

UTL - upper thresold limit

Page 1 of 1
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APPENDIX C-6

P4 Response to A/T Supplemental Comments (dated May 28, 2016) on
Potential ARARs identified in P4’s Ballard Mine Feasibility Study
Technical Memorandum 1, Draft Rev 0, March 2015

Submitted to A/T on July 30, 2015



Leah Wolf Martin

From:
Sent:
To:
Cc:

Subject:
Attachments:

Dave,

Leah Wolf Martin <leah@wolfmartininc.com>

Thursday, July 30, 2015 6:54 PM

‘Tomten.Dave@epa.gov'

'COOPER, RANDALL LEE [AG/1000]; 'VRANES, RANDY K [AG/1850]'; 'LEATHERMAN,
CHRIS R [AG/1850]"; 'PRICKETT, MOLLY [AG/1850]'; 'Vance Drain'

Ballard FS Memo #1 Revised ARAR Tables

Draft Final Potential ARARs (7-30-15).docx; Draft Final Potential ARARs (7-30-15).pdf

As Vance mentioned on the Monday’s call, we have revised the ARAR table based on the A/Ts May 28" comments and
legal input. ARARs or specific citations that are proposed for removal from the table are shown in strikeout. Rationale
for removing/revising an ARAR is provided in italics in the Site-Specific Comments.

Please distribute these revised ARAR tables to other A/Ts as appropriate.

Please let us know if you have any questions.

Regards,

Leah



BALLARD MINE SITE: POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

The following table presents a list of requirements tentatively identified by P4 Production, L.L.C. (*P4”) as potential Applicable or Relevant and Appropriate Requirements (“ARARs”) for the Ballard Mine Site pursuant to an
Administrative Settlement Agreement and Order on Consent for Performance of Remedial Investigation and Feasibility Study at the Enoch, Henry, and Ballard Mine Sites in Southeastern Idaho dated September 28, 2009. P4
anticipates that this list of potential ARARs will be used in preparing the Feasibility Study for the Ballard Mine, including for the development of preliminary remediation goals and for use as threshold criteria against which
remedial alternatives will be evaluated. P4 acknowledges that the following list of potential ARARs are not binding and that final ARARs will be developed by EPA and set forth in the Record of Decision for use as
performance standards for the remedial design and remedial action.

Statutes and regulations, and their citations, included in the tables included below are provided as headings to identify general categories of potential ARARs for the convenience of the reader. Listing the statutes and
regulations does not indicate acceptance of the entire statute or regulation as potential ARARs; rather only the substantive provisions of the requirements cited in these tables are potential ARARS.

Table 3-1: Federal Chemical Specific ARARs for the Ballard Mine Site

Statutes, Regulations,
Standards, or Requirements

Citations or References

General Description

Site-Specific Comments

Determination

1 Safe Drinking Water Act

42 U.S.C. 88 300(f) et seq.

Protection of public water systems and underground sources
of drinking water.

Potentially relevant and appropriate if groundwater beneath
the Site is used to supply public water systems.

Potentially relevant
and appropriate

2 National Primary Drinking
Water Regulations

40 C.F.R. Part 141

Establishes health-based standards (maximum contaminant
levels (MCLs) and maximum contaminant level goals

Potentially relevant and appropriate if groundwater beneath
the Site is used to supply public water systems.

Potentially relevant
and appropriate

Clean Water Act{CWA)

(MCLGS)) for public water systems.
ey—inchudi ol I E

We have deleted this requirement as overly broad and
inclusive. Specific sections of the CWA that are either
applicable or relevant and appropriate are cited elsewhere
in this table.

With regard to Section 307, it is our understanding that
discharges to the sanitary sewer system are not anticipated
to be included as part of the remedy.

With regard to Section 401, implementation of the remedy
will not require issuance of a federal permit (based on
Section 42 U.S.C. § 9621(e)). Additionally, this
requirement is administrative in nature and does not
constitute an ARAR.

With regard to Section 402, we have included this section in
Table 3-3 below as an action-specific ARAR.




Table 3-1: Federal Chemical Specific ARARs for the Ballard Mine Site

Statutes, Regulations,

Standards, or Requirements

Citations or References

General Description

Site-Specific Comments

Determination

Water Quality Standards? 33 U.S.C. 8 1314(a) Section 304 of the federal Clean Water Act (33 U.S.C. 8 The State of Idaho has adopted the federal water quality Applicable
40 C.F.R. Part 131 1314) requires that individual states establish water quality criteria. Where numeric state water quality standards have
standards for surface waters. The implementing regulation not been promulgated, federal numeric water quality
establishes the Ambient Water Quality Criteria, which are standards are considered applicable.
the minimum requirements for state water quality standards
that are protective of aquatic life. Under CERCLA, water
quality criteria for the protection of aquatic life are
considered relevant and appropriate for actions that involve
surface waters or groundwater discharges to surface waters.
The federal water quality standards are developed for states
to use in development of water quality criteria that
incorporate designated uses for specific surface water bodies.
The State of Idaho has adopted the federal water quality
criteria. Where numeric state water quality standards have
not been promulgated, federal numeric water quality
standards are considered relevant and appropriate standards.
Federal Ambient Water Quality Criteria have been
established for short-term exposures (acute criteria) and for
long-term exposures (chronic criteria) for protection of
aguatic biota.
Emergency Planning and 42 U.S.C. §5 11001 et seq. Superfund Amendments and Reauthorization Act (SARA
Community Right-to-Know Title 111) was originally included as the standard or
Aet{ERPCRA) requirement in the table, but the U.S. Code citation was to
EPCRA. We have deleted this requirement because we
could not figure out why EPCRA would be ARAR for the
Site.
Resource Conservation and 42 U.S.C- 88 6901 et seq- Management-of solid-waste—Defines-threshold-levels-and We have deleted this requirement as overly broad and
Recovery Act 40-CFR-Parts260-268 erttertato-determine-H-a-matertabs-hazardous-waste: inclusive. Specific sections of RCRA that are either
applicable or relevant and appropriate are cited elsewhere
in this table.
40 C.F.R. § 261.4(b)(7) EPA exempts mining wastes from the extraction, Waste rock at the Site may meet this exemption. Applicable
beneficiation, and some processing of ores and minerals, in
accordance with the Bevill amendment to RCRA.
40 C.F.R. §261.20 Generators of solid waste must determine whether the waste | Potentially applicable depending on the selected remedy. Applicable
is hazardous. A solid waste is hazardous if it exhibits the
toxicity characteristic (based on extraction procedure Method
1311).
National Secondary Drinking | 40 C.F.R. 8 Part 143 Establishes non-mandatory, secondary drinking water Potentially relevant and appropriate if groundwater beneath | TBC

Water Regulations

standards (secondary MCLs) primarily for aesthetic
considerations in public water supply systems

the Site is used to supply public water systems.

! National Recommended Water Quality Criteria are available at http://www.epa.gov/ost/criteria/wqctable/.




Table 3-1: Federal Chemical Specific ARARs for the Ballard Mine Site

Statutes, Regulations,
Standards, or Requirements

Citations or References

General Description

Site-Specific Comments

Determination

Uranium Mill Tailings 42 U.S.C. 88 7901 et seq. Groundwater and soil concentration limits applicable to the The Ballard Mine is not a uranium mine and no processing | TBC
Radiation Control Act 40 C.F.R. Part 92 uranium and thorium mill tailings sites identified under the of uranium has occurred at the Ballard Mine. Uranium at
(UMTRCA)— UMTRCA statute. the Ballard Mine is naturally occurring and is present in the

Health and Environmental waste rock. As such uranium and its daughter products are
Protection Standards for radionuclides of concern (ROCs).

Uranium and Thorium Mill

Tailings

Establishment of Cleanup OSWER No. 9200.4-18, August | Clarifying guidance for establishing protective cleanup levels | May be considered in remedial action due to the human TBC
Levels for CERCLA Sites 22,1997 for radioactive contamination at CERCLA sites. Attachment | health risks associated with ROCs at the Ballard Mine.

with Radioactive A lists likely federal ARARs for Superfund response actions. | Guidance documents can only be TBC.

Contamination

DOE Licensing Requirements | 10 C.F.R. § 61.41 Specifies annual dose of radioactive material that may be Applicable to parties responsible for disposing of LLW TBC

for Land Disposal of
Radioactive Waste

released to the general environment in several media.

received from other persons.

Risk assessment utilizes ROC exposure concentrations
instead of dose. May be considered in remedial action due
to the human health risks associated with ROCs.

We have deleted this section because the Site is not a
federal facility and is not licensed by NRC.

Subpart H—Applicable only to sites owned/operated by
DOE; may be relevant and appropriate to federally-licensed
NRC facilities.

Subpart I—Applicable only to federal facilities not owned or
operated by DOE and not licensed by NRC.




Table 3-2: State Chemical Specific ARARs for the Ballard Mine Site

Statutes, Regulations,
Standards, or Requirements

Citations or References

General Description

Site-Specific Comments

Determination

Idaho Water Quality Standards | IDAPA 58.01.02 Surface water quality standards and waste water treatment Water quality standards are potentially applicable for Applicable
requirements, including: water quality criteria for aquatic life | surface waters on-Site or affected by the selected remedy.
use designations (.250), designations of surface waters found
within Blackfoot Basin (.150), general surface water quality
criteria (.200), antidegredation policy (.051), and mixing
zone policy (.060).
Idaho Ground Water Quality IDAPA 58.01.11.200 Protects groundwater for beneficial uses including potable Applicable to groundwater at the Site. Applicable
Rule water supplies, establishes use classifications, and establishes
water quality criteria for ground water.
Antidegredation Policy IDAPA 58.01.02.051 Requires that existing water uses and water quality be We have deleted this requirement because it is included in
maintained-and-protected: the “Idaho Water Quality Standards’ entry included above
as entry 1 in Table 3-2.
Idaho Rules for Public IDAPA 58.01.08 Regulates quality and safety of public drinking water. Potentially applicable if any of the Site water is a public Potentially
Drinking Water Systems drinking water source; otherwise, substantive requirements | applicable and/or
would likely be relevant and appropriate. relevant and
appropriate
Rules and Standards for IDAPA 58.01.05 Rules and standards for hazardous waste. Identifies Potentially relevant and appropriate if hazardous waste is Potentially relevant
Hazardous Waste characteristic and listed hazardous wastes and provides rules | identified or generated during implementation of the and appropriate
for hazardous waste permits. selected remedy.
Sohid Waste Management 1DAPA 58.01.06 Rules and standards for solid waste. We have deleted this requirement from Table 3-2. These
Rules rules do not appear to contain any chemical-specific
requirements and the same regulation (IDAPA 58.01.06) is
listed in Table 3-4 as an action -specific ARAR.
Rules for the Control of Air IDAPA 58.01.01 Rules providing for the control of air pollution in Idaho. Potentially applicable depending on the selected remedy. Potentially
Pollution (including IDAPA 58.01.01.650 applicable
and .651)
IDEQ Area Wide Risk IDEQ (2004a) Recommends removal action goals and action levels for May be taken into consideration in developing risk-based TBC

Management Plan

addressing releases and impacts from historical phosphate
mining operations in southeast Idaho.

cleanup levels.




Table 3-3: Federal Location and Action Specific ARARs for the Ballard Mine Site

Statutes, Regulations, Citations or References General Description Site-Specific Comments Determination Location or
Standards, or Action
Requirements Specific

1 Mineral Leasing Act 30 U.S.C. 88 181 et seq. Regulates leasing, mining, processing and reclamation | Provisions regarding reclamation and mineral Applicable Action,

43 C.F.R. Parts 3500, 3580 of federally-owned phosphate deposits. Prevents development are potentially applicable; other Location
and 3590 unnecessary or undue degradation of public lands by | provisions may be relevant and appropriate.
operations authorized by the mining laws.

2 | Federal Land Policy and 43 U.S.C. 88§ 1701 et seq. Establishes public land policy and guidelines for the Provisions regarding mineral development are Applicable Action,

Management Act 43 C.F.R. § 1600 et seq. administration of public lands; provides for the potentially applicable to the extraction of minerals; Location
management, protection, development, and other provisions may be relevant and appropriate.
enhancement of public lands.

3 | U.S. Bureau of Land 40 C.FR. §1508.27 To sustain the health, diversity, and productivity of Should be considered due to BLM’s ownership of TBC Action,
Management Record of Available online at the public lands. The plan provides objectives, land the mineral rights. Location
Decision and Pocatello https://eplanning.blm. use allocations, and management direction to
Resource Management Plan | gov/epl-front-office/ maintain, improve or restore resource conditions and | We struck the citation to 40 C.F.R § 1508.27 because
(April 2012) projects/nepa/32803/ provide for the economic needs of local communities | it doesn’t make sense—it is a citation to the NEPA

38812/40712/RODandSIR over the long term. The plan applies to BLM- regulations’ discussion regarding the term
_508.pdf managed public lands and split estate lands where “significantly.”
minerals are federally owned in southeast Idaho.
4 Mine and Reclamation Plans Operation plans that are approved subsequent to Should be considered during remedial action, TBC Action,
issuing the lease at a time after mining is proposed. especially if the remedy involves ore recovery. Location
Establish mine plans and reclamation requirements.
to avoid (to the extent possible) the adverse impacts We do not think this section is applicable because 40
associated-with-the-destruction-or-ltoss-ofwetlandsand | C.F.R. Part 6 identifies procedures for implementing
to not support construction in wetlands if a practical NEPA and assessing the environmental effects of
alternative exists. EPA actions. Subpart C “applies to actions that
involve applications to EPA for permits or assistance
agreements, or request other EPA approval” and
identifies the requirements for environmental
information documents and third-party agreements
for EPA actions subject to NEPA. Section 6.302
identifies requirements applicable to the
“Responsible Official” (Section 6.102 defines
Responsible Official as ““the EPA official responsible
for compliance with NEPA for individual proposed
actions™). . Please note, however, that we have
included a citation to Section 404 of the CWA (see
entry 11 below) to address the protection of wetland
areas.
Protection-of Floodplains 40-C-FR-86-302and Reguiresfederal-agencies-to-evaluate the potential See comment regarding 40 C.F.R. 8 6.302 Location

immediately above.




Table 3-3: Federal Location and Action Specific ARARs for the Ballard Mine Site

Statutes, Regulations, Citations or References General Description Site-Specific Comments Determination Location or
Standards, or Action
Requirements Specific

aclverse impacts associated with direct and indirect Additionally, Appendix A no longer appears in 40

development-ofa-floedplain: C.F.R. Part 6. As a result, this requirement has been

deleted as an ARAR.
6 | Fish and Wildlife 16 U.S.C. § 661 et seq. Requires that federal agencies involved in actions that | Potentially applicable if remedial actions affect Applicable Location

Coordination Act 40 C.F.R. §6.302 will result in control or modification of any natural natural streams and water bodies; the selected

stream or water body must protect fish and wildlife remedy must be designed and implemented to be

resources that may be affected by the actions. protective of fish and wildlife.

We struck the reference to 40 C.F.R. § 6.302 for the
same reasons explained above.

6 | Endangered Species Act 7US.C. §136 Federal Agencies are prohibited from jeopardizing May be applicable if on-Site activities may Applicable Location
16-U.5.C-5-460— threatened and endangered species or adversely jeopardize threatened or endangered species or (habitat),
16 U.S.C. 8§88 1531 et seq. modifying habitats essential to their survival. Requires | adversely modify their habitat. Action
40-CFR-5-6:302 consultation with the Service charged with protection (species)
50 C.F.R. Part 402 of the listed species. We struck the reference to 7 U.S.C. § 136 because it

contains definitions for regulations concerning
environmental pesticide control. We aren’t sure why
this section or any other sections in this chapter
would be included in this table.

We deleted the citation to 16 U.S.C. § 460 because
National Parks are not located within the project
boundaries.

We deleted the reference to 40 C.F.R. § 6.302 for the
same reasons explained above.

7 Migratory Bird Treaty Act | 16 U.S.C. 88 703 et seq. Prohibits persons from pursuing, hunting, taking, Remedial action at the Site must be designed and Applicable Action
(MBTA) capturing, killing, attempting to take, capture or Kill, implemented to avoid harm to migratory birds.
possessing, offering for sale, selling, offering to
purchase, purchasing, delivering for shipment,
shipping, causing to be shipped, delivering for
transportation, transporting, causing to be transported,
carrying, or causing to be carried by any means
whatever, receiving for shipment, transportation or
carriage, or exporting migratory birds covered by the
MBTA or any part, nest, or egg of any such bird.

8 | Bald and Golden Eagle 16 U.S.C. 88 668 et seq. Prohibits any person from knowingly possessing or Remedial action at the Site must be designed and Applicable Location,
Protection Act 50 C.F.R. Part 22 harming a bald or golden eagle, or any part, nest, or implemented to avoid harm to bald or golden eagles, Action
egg thereof without obtaining a permit. their nests, or eggs.
Nattonal-PoHutant 40-CFRParts 122-125 Reguirementstoractionstnvehing-effluent We deleted the reference as NPDES is included Potentiathyrelevantand  Actien

Discharge Elimination discharges-to-surface-water: below as part of the CWA (see entry 10 below). appropriate




Table 3-3: Federal Location and Action Specific ARARs for the Ballard Mine Site

Statutes, Regulations, Citations or References General Description Site-Specific Comments Determination Location or
Standards, or Action
Requirements Specific
System-(NPBES}
Regulations
9 | Clean Water Act 33 U.S.C. § 1311(b) Requirements for best treatment and control May be relevant and appropriate if water treatment is | Potentially relevantand | Action
40C.F.R.8§125.3 technology prior to discharge. used as part of the selected remedy. appropriate
We deleted the reference to 33 U.S.C. § 1311(b)
because it requires the Administrator to set
requirements for best available technology for use in
eliminating the discharge of pollutants. In lieu of the
reference to 33 U.S.C. § 1311(b), we added a
reference to 40 C.F.R. § 125.3.
10 33U.S.C. 81342 The NPDES (also known as Section 402 of the CWA) | May be relevant and appropriate if the selected Potentially relevant and | Action
40 C.F.R. Parts 122-125 program establishes a comprehensive framework for | remedy involves discharges from a water treatment | appropriate
addressing waste water and storm water discharges plant.
under the program. Requires that point-source
discharges not cause the exceedance of surface water
quality standards outside the mixing zone. Specifies
requirements under 40 C.F.R. § 122.26 for point-
source discharge of storm water from construction
sites to surface water and provides for Best
Management Practices such as erosion control for
removal and management of sediment to prevent run-
on and runoff.
11 33U.S.C.81344 Requirements for dredging and filling activities May be relevant and appropriate if the selected Potentially relevant and | Location,
conducted in waters of the U.S., including wetlands remedy involves dredging or filling in waters of the | appropriate Action
(also known as Section 404 of the CWA). U.S.
12 | Clean Air Act 42 U.S.C. 88 7409 et seq. Requirements for maintaining air quality. Potentially applicable depending on the selected Potentially applicable Action
40 C.F.R. Part 50 remedy.
13 | National Historic 16 U.S.C. 88 470f A requirement for a property listed on or eligible for May be applicable if historic or archeological sites Potentially applicable Location

Preservation Act (NHPA)

36 C.F.R. Parts 60, 63 and
800

listing on the National Register of Historic Places.
The NHPA requires federally funded projects to
identify and mitigate impacts of project activities on
properties listed on or eligible for listing on the
National Register.

This statute and implementing regulations require
federal agencies to take into account the effect of this
response action upon any district, site, building,
structure, or object that is listed on or eligible for
listing on the National Register of Historic Places
(generally, 50 years old or older).

are found within Site boundaries or on land to be
disturbed in connection with the selected remedy
(e.g., borrow areas).

We deleted the reference to 40 C.F.R. § 6.301
because it does not appear to be ARAR. 40 C.F.R. 8§
6.301 relates to preparation of an Environmental
Information Document of sufficient scope and
content to enable preparation of an EA or EIS and
does not appear to be related to the NHPA.




Table 3-3: Federal Location and Action Specific ARARs for the Ballard Mine Site

Statutes, Regulations, Citations or References General Description Site-Specific Comments Determination Location or
Standards, or Action
Requirements Specific
If cultural resources listed on or eligible for listing on
the National Register are present, it will be necessary
to determine if there will be an adverse effect and, if
so, how the effect may be minimized or mitigated, in
consultation with the appropriate State Historic
Preservation Office.
14 | Archeological and Historic | 16 U.S.C. § 469 The Archaeological and Historic Preservation Act May be applicable if archeological resources are Potentially applicable Location
Preservation Act 40 C.F.R. §6.301(c) requires that for federally approved projects that may | identified.
cause irreparable loss to significant scientific,
prehistoric, historic, or archaeological data, the data We struck the citation to 40 C.F.R. 8 6.301(c)
must be preserved by the agency undertaking the because it does not appear to relate to the AHPA.
project or the agency undertaking the project may
request DOI to do so.
This statute and implementing regulations establish
requirements for the evaluation and preservation of
historical and archaeological data, which may be
destroyed through alteration of terrain as a result of a
federal construction project or a federally licensed
activity or program.
Native American Graves 25-U.S.C- 883001 et-seq- Regquires-federal-agencies-and-institutions-that receive | We deleted this requirement because P4 is not a Loeation
Protection-and-Repatriation federalHunding-to-return-Native-American-cultural federal agency or institution and because the Site
AHNAGPRA)} Hems-to-lineal descendants-and-eulturaly-affiliated boundaries do not include federal or tribal lands.
dian-tribes—NAGRRA-alse-establishesprocedures | However, this act will be reconsidered at the other
forthe-inadvertent discovery-orplanned-excavation-of | P4 CERCLA Sites where federal land was leased.
fands:
Rivers-and-Harbors-Act 33-U.5.C§5401 etseq: Reguirementsformintmizingadverse-effectsfrom We deleted this requirement because we are not Location:
33-C-FR-Parts-320-330 dredge-and-fihactivities within-J-S—havigable-waters | aware of any navigable waters located within the Action
anc-theltribtaries: Site boundaries.
15 | RCRA— 42 U.S.C. 88 6901 et seq. Requirements for handling and transporting hazardous | Potentially relevant and appropriate depending on Potentially relevant and | Action
Requirements for Hazardous | 40 C.F.R. Parts 261-262 waste. selected remedy. appropriate
Waste Transport 49 CFRParts171-180
We deleted the reference to 49 C.F.R. Parts 171-180
because these regulations are part of PHMSA, not
RCRA and because PHMSA is not ARAR for the
project.
Surface-Mining-Controland  30-U.5.C88 1201 etseq: Goverps-activities-assecttedwith-coal-exploration We deleted this requirement because SMCRA is only Action
Reclamation ActH{SMCRA) | 30-C:F-RParts 784-and-816 | and-mining: applicable to coal mines.
16 | Considering Wetlands at OSWER 9280.03, May 1994 | EPA guidance regarding the potential impacts of May be helpful if Site remediation contains TBC Action
CERCLA Sites response actions on wetlands at Superfund sites. wetlands.




Table 3-3: Federal Location and Action Specific ARARs for the Ballard Mine Site

Statutes, Regulations, Citations or References General Description Site-Specific Comments Determination Location or
Standards, or Action
Requirements Specific
Fort Bridger Treaty 1863 15 Stat 673 Established the Reservation as a “permanent home” We deleted this requirement because the Site Location
for-the-signatory-tribes;reserved-off-reservation boundaries do not include federal or tribal lands.
hunting, fishing, and gathering rights to the tribes However, this treaty will be reconsidered at the other
{whichrights-may-be-exercised-en—uneccupieddands | P4 CERCLA Sites where federal land was leased.
Sheoshone-BannoekTribes  TribalResolution ENVR- SoH-cleanup-standardstor-contaminated-properties We deleted this requirement because the Site Location
Envirenmental-\Waste 2011-0022 boundaries do not include tribal lands. Please note
ManagementProgram—SoH | Jandary-6-2011 that the intent of this Tribal program has already
Cleanup-Standardsfor substantively been captured by other applicable state
Contantnated-Properties: and federal laws.
December 2, 2010.




Table 3-4: State Location and Action Specific ARARs for the Ballard Mine Site

Statutes, Regulations, Citations or References General Description Site-Specific Comments Determination Location
Standards, or or Action
Requirements Specific
Protection of Birds Idaho Code Ann. § 36-1102 Prohibits the “take” or intentional disturbance or | Potentially applicable during remedial action. Potentially applicable | Action
destruction of eggs or nests of any “game, song,
rodent killing, insectivorous or other innocent
bird.” The prohibition does not apply to English
Sparrows or starlings.
Non-point Source IDAPA 58.01.02.350 Regulates non-point source discharges, May be applicable if the selected remedy results | Potentially applicable | Action
Discharges designates approved BMPs and provides in non-point source discharges.
additional protection for outstanding resource
waters.
Point Source Discharges IDAPA 58.01.02.400-.401 Provides limits and restrictions including May be applicable if the selected remedy results | Potentially applicable | Action
possible limits on temperature and flow rates for | in point source discharges.
point source discharges.
Storage of Hazardous and | IDAPA 58.01.02.800 Prohibits the storage, disposal or accumulation May be relevant and appropriate if the remedial | Potentially relevant and | Action
Deleterious Materials of hazardous and deleterious materials “adjacent | action results in the storage of hazardous and appropriate
to or in the immediate vicinity of state waters” deleterious materials near state waters.
without adequate measures and controls to insure
the materials will not enter state waters.
Well Construction IDAPA 37.03.09 Regulates well construction and abandonment. May be applicable if the selected remedy Potentially applicable | Action
Standard Rules includes additional wells.
Best Management IDAPA 20.03.02.140 Provides BMP and reclamation standards for May be applicable depending on the selected Potentially applicable | Action
Practices and Reclamation surface mining operations, including sand and remedy. BMPs may also be relevant and and/or relevant and
for Surface Mining gravel mining. appropriate to remediation activities (i.e. grading, | appropriate
Operations re-contouring, and revegetation).
Idaho Water Quality IDAPA 58.01.02 Requirements for actions involving effluent May be applicable if water treatment is part of Potentially applicable | Action
Standards and Wastewater discharges to surface water. the selected remedy.
Treatment Requirements
Surface-MHining tdaho-Code-§5-47-1501to—-1519 Estabhishesstandards-and-authorizesrulesfor We deleted this requirement because it is Action
1IDAPA-20.03.02.140 reclaiming-lands-affected-by-surface-exploration | duplicative of entry 7 above. Citations to Idaho
and mining, including recontouring, erosion Code 8§ 47-1501 to -1519 allow for the
control-andrevegetation: establishment of standards so they are not
ARAR; rather, the substantive BMPs in the
regulations (cited in entry 7 above) are the
potentially ARAR standards.
Solid Waste Management | IDAPA 58.01.06 Provides substantive requirements for operation | Only material uniquely associated with Potentially relevant and | Action

Rules

and closure of solid waste management facilities.

phosphate mining is being addressed in the
remediation so these requirements are not
applicable because the Site is not a solid waste
management facility. See IDAPA
58.01.06.001.03(b)(iv). Some requirements may
be relevant and appropriate with regard to

appropriate




Table 3-4: State Location and Action Specific ARARs for the Ballard Mine Site

Statutes, Regulations, Citations or References General Description Site-Specific Comments Determination Location
Standards, or or Action
Requirements Specific
regulated solid waste generated during the
remedial action.
9 | Hazardous Waste and IDAPA 58.01.05 Adopts federal RCRA regulations concerning Potentially applicable for management of Potentially applicable | Action
Hazardous Waste 1993 Session Law, Ch. 291, Sections 1-8 | the identification of hazardous waste and investigation derived wastes and remediation
Management Act of 1983 standards applicable to generators and wastes.
transporters of hazardous waste as well as
standards for owners and operators of hazardous
waste treatment, storage and disposal facilities.
Site Specific Surface 1IDARA-58.01.02.275t6-280 Establishes surface water quality standards for We deleted this requirement because it does not Location
Water-Quakity-Criterta water-diseharged-from-darms—reservoirs-and relate to conditions at the Site. Section 275 sets
hydroelectricfacilities-and-for-othernamed criteria for promulgating site specific
Waters: standards—this would be more appropriately
included as a chemical-specific ARAR because it
sets forth criteria for establishing an alternative
water quality standard for specific COCs at the
Site. All of IDAPA 58.01.02 is included in the
chemical-specific ARARs Table 3-2 above.
Section 276 is the damn/reservoir requirement
and only sets dissolved oxygen standards for
below a dam/reservoir, but it is no dam or
reservoir exists within the Site boundaries.
Sections 277 and 279 are reserved, Section 278
relates to the Lower Boise River Subbasin, and
Section 280 applies to Rock Creek, Cedar Draw,
Deep Creek and the Big Wood River Canal
System.
10 | Fences in General (LEAS) | Idaho Code §8 35-101 to -112 Establishes construction requirements, such as May be applicable if fencing is required to Potentially applicable | Action
height and distance between posts, for all types | protect components of the selected remedy (e.g.,
of fences. Defines who is responsible for a cover system).
construction and maintenance of enclosure and
partition fences.
11 | Idaho Rules for Control of | IDAPA 58.01.01.650-651 Provides practices for controlling fugitive dust May be applicable during remedial action if Potentially applicable | Action
Fugitive Dust emissions, including use of water or chemicals, | construction practices generate fugitive dust.
application of dust suppressant, and covering
trucks.
12 | lIdaho Toxic Air Pollutants | IDAPA 58.01.01.585-586 Requirements for maintaining air quality (none | Potentially applicable depending on the selected | Potentially applicable | Action

currently nor will they be likely associated with
any remedial action).

remedy.




Table 3-4: State Location and Action Specific ARARs for the Ballard Mine Site

Statutes, Regulations, Citations or References General Description Site-Specific Comments Determination Location
Standards, or or Action
Requirements Specific
13 | Preservation of Historical | Idaho Code 88 67-4111 to -4131 and 67- | Requirements for protection of public lands and | Requirements may be applicable if historical or | Potentially applicable Location
Sites 4601 to -4619 preservation of historical or archaeological sites | archeological sites are present and/or may be
in consideration of waste disposal. disturbed during the remedial action.
14 | Stream Channel Alteration | dahe-Code-8842-3801te—-3812 Provides substantive construction standards for | Potentially applicable depending on selected Potentially applicable | Action
Rules IDAPA 37.03.07.055 working in stream channels. remedy; however, procedural requirements are
not ARAR.
We deleted the reference to Idaho Code 88 42-
3801 to -3812 because it contains procedural
requirements and allows for substantive
requirements to be promulgated.
15 | lIdaho Classification and IDAPA 13.01.06.300 Classifies fish and wildlife species; identifies To be considered during ecological risk TBC Location
Protection of Wildlife threatened or endangered species; and specifies | assessment.
Rule wildlife species that are protected from taking
and possessing.
16 | ldaho-Land-Remediation  DARAS58.01.18.027 Rules-apphlicable-to-eligiblepersons-who-wish-te | We recommend deleting IDAPA 58.01.18.027 Applicable Action
Rules Idaho Code §855-3001 to -3015 enter-into-a-voluntary-remediation-agreement because it relates to the institutional controls
Idaho Uniform with-the-state: portion of the Idaho VRP program. Since we are
Environmental Covenants Allows recordation of an environmental not entering into the VRP, and because this is an
Act covenant, which is a written agreement where administrative program, we recommend deleting.
the parties bind themselves, and their successors
in interest to the land, to comply with activity
and use limitations.
Guidelinesforthe Salvage  USFS{2003) We deleted this requirement because a copy of Action
ofFopsoH-and-Shale-Used these guidelines is not available.
to-Reclim-and-Provide
Seed Bed for Phosphate
17 | IDEQ Area Wide Risk IDEQ (2004a) Recommends removal action goals and action May be taken into consideration in developing TBC Action
Management Plan levels for addressing releases and impacts from | risk-based cleanup levels.
historical phosphate mining operations in
southeast Idaho.
Guidance-documentfor 1BEQ-(Pecember2003) Guidance-document forrisk-based-decision- We deleted this ARAR because it refers to a draft Action
regional removal action making using human health and transport of the Idaho Risk Evaluation manual included
goals-and-objectives,and models: below (entry 19 below), so is repetitious.
actionHevels
18 | Variances from water IDAPA 58.01.02.260 Establishes procedures and requirements for Potentially applicable if Site-specific variances Potentially applicable Action
quality standards obtaining a water quality variance. are proposed for a particular location or source.
19 | lIdaho Risk Evaluation IDEQ (2004b) Provides guidelines and criteria to apply in risk- | Framework for decision making should be TBC Action

Manual

Available online at
https://www.deq.idaho.gov/media/967298-
risk_evaluation_manual_2004.pdf

based decision making.

considered in developing human and
environmental risk-based cleanup levels




APPENDIX C-7

A/T Preliminary Direction Regarding Consideration of Background in
establishing Soil PRGs/PCLs

Transmitted to P4 on August 25, 2015



Leah Wolf Martin

From:
Sent:

To:

Tomten, Dave <Tomten.Dave@epa.gov>

Tuesday, August 25, 2015 9:24 AM

Bruce Narloch; Bruce Olenick; Cary Foulk (cfoulk@integrated-geosolutions.com);
Celeste Christensen; Colleen O'Hara-Epperly; COOPER, RANDALL LEE [AG/1000];
Tomten, Dave; Dennis Smith (dennis.smith2@ch2m.com); Eldine Stevens; Emily Yeager;
Gary Billman; Jeff Cundick; Jeff Schut; jeffrey.fromm@deq.idaho.gov; Jeremy Moore
(jeremy_n_moore@fws.gov); Wallace, Joe; Kelly Wright; Leah Wolf Martin
(leah@wolfmartininc.com); LEATHERMAN, CHRIS R [AG/1850]; Edmond, Lorraine; Mary
Kauffman; Michael Rowe; PRICKETT, MOLLY [AG/1850]; Randy Vranes;
robert.blaesing@bia.gov; Sandi Fisher; Shephard, Burt; Stifelman, Marc; Stumbo, Sherri
A -FS; susanh@ida.net; tamartin@sbtribes.com; Trina Burgin; Vance Drain

Subject: A/T preliminary direction regarding consideration of background in establishing soil

PRGs/PCLs

Attachments: Tables 1 to 3 P4 RBCLs and Background Statistics (07-15-15).pdf; P4 Background Index

Plots (07-15-15).pdf; SERAS-106-DTMR1-081315_61.pdf

Molly, all -

This follows up on previous discussions related to consideration of background in establishing soil PRGs, and provides
preliminary direction for resolving this matter and moving forward. We are characterizing this direction as “preliminary”
as there are many factors to consider in establishing soil PRGs/PCLs, and the A/T are interested in your input to ensure
thorough consideration of technical limitations, uncertainty and other pertinent information.

As part of the effort to resolve this issue, we have consulted with two senior-level statisticians as well as project risk
assessors and scientists. Based on these discussions, there appears to be broad agreement on several important points.

The preferred approach is to base the PRG/PCL on a BTV, rather than approaches using the UCL of the mean, or
hypothesis testing.

Given the distribution of data, the UTL is strongly preferred over the USL (or other BTV statistics). The
distribution of data, including the presence of many statistical outliers, was unknown at the time the work plan
was developed (when use of a USL was originally proposed). This makes a difference for some COCs but little
difference for Se.

A BTV-based PRG/PCL would be applied by comparing individual site observations to the PRG (a point-by-point
method), and thus control maximum values in an area to be remediated. Also, cleanup decisions could be made
for portions of dumps rather than treating an entire dump as a decision unit.

An issue that remains is estimating the BTV, given that the data set has limitations, does not follow a defined
distribution, contains multiple (sub)populations, and shows significant variability. We have identified two options that
we believe are acceptable. Both are consistent with EPA guidance, and clearly distinguish waste materials from natural

soil.

Option 1 (suggested by Dr. Singh) would be to compute the BTV for just the dominant portion of the data set (by
excluding about 10% of the higher values) and use that as the PRG. This approach would yield a Se PRG of
approx. 8 ppm. Decision errors could be mitigated by combining this PRG with a “proportion test.” In the
proportion test, the team would specify some percentage of onsite observations that would be allowed to
exceed the PRG (based on the truncated data set). When combining a proportion test with a BTV-based PRG,
decisions would be made for an entire decision unit.

Option 2 (suggested by Dr. Hilshire) would be to compute the BTV for the entire data set (including statistical
outliers that have been investigated and are thought to represent natural background values) and use that as
the PRG. This approach would yield a Se PRG of about 29 ppm.



Both of these options have a number of pros and cons. Based on discussions to this point, the A/T prefers the second
option, for a number of reasons including: 1) it would be simpler to implement, and provide flexibility in addressing
portions of dumps as needed; 2) we are reluctant to exclude observations that have been investigated and thought to
reflect natural variability in the background population; and 3) other considerations.

Keep in mind a couple of other points. At Ballard, concentration of contaminants in surface materials are generally
much higher than either PRG option. Cleanup decisions in many cases will be driven by the need to address releases to
groundwater and surface water, and construction of covers to protect water resources will address exposure to
contaminated surface materials. Also, soil PRGs would be implemented as point-by-point comparisons and would
control the highest values — thus, average site concentrations (and risk) following remediation would be lower than a
risk associated with the PRG concentration.

We would be interested in hearing your thoughts on this matter during our next call. We should be able to provide final
direction for moving forward after that call. As always, call if you have Q’s.
Dave

Attachments
1. Background Analyte Index Plots, by Formation, for the Ballard Mine (from P4, 7/15/15)
2. RBCLs and Background Statistics (from P4, 7/15/15)
3. Singh technical memo

Dave Tomten

EPA Region 10

950 W. Bannock Street
Suite 900

Boise, Idaho 83702

208-378-5763
tomten.dave@epa.qgov




LOCKHEED MARTIN ¢

TO: Felicia Barnett, Director SCMTSC, EPA

DATE: August 13, 2015

FROM: Anita Singh, Ph.D., SERAS Statistician % /d

THROUGH: Richard Leuser, SERAS Deputy Program ManaZer M

SUBJECT:  REVISED - METHODS TO ESTABLISH PRELIMINARY REMEDIATION GOALS
(PRGS) AND DECISON RULES FOR APPLICATION OF PRGS FOR SURFACE
MATERIALS SOIL ON WASTE ROCK DUMPS AT THE P4 PHOSPHATE MINES
(P4 MINES), SERAS-106, WO 60

Background Information

United States Environmental Protection Agency (US EPA) Region 10 (R10) scientists are in the process
of developing Remediation Investigation and Feasibility Studies (RI/FSs) for a number of large phosphate
mines including: Ballard, Enoch Valley and Henry mines located in South-East Idaho. These mines were
operated by P4 LLC Inc.; therefore collectively these mines are referred to as P4 Mines (Site). The Site
consists of several geological formations including: Meade Peak, Rex Chert, Wells and Dinwoody. For
convenience, many abbreviations for the three mines, background areas, formations, and mine/formation
combinations have been used in the graphical displays presented in this Lockheed Martin Technical
Memorandum (TM) and are listed in Table 1. The P4 Mines listed above consist of large open pits and
waste rock dumps (wst-rck-dmps) which contain contaminants of potential concern (COPCs) and
radionuclides of potential concern (ROPCs). The various waste-rock-dumps of the three mines have been
labeled (separately) as wstl-rck-dmp, wst2-rck-dmp, and so on, in the graphical displays and tables used
in this TM. The COPCs/ROPCs pose unacceptable risks to people and animals that use these areas.

Based upon the background data collected during 2009 and 2014, it was determined that the existing risk
based cleanup levels (RBCLs) for most COPCs are low relative to background concentrations. For
example, from the Excel sheet (labeled as Appendix D), "PRG-Table-Ballard-FS-with-Updated-
BTVs.xlsx," provided by R10 personnel, it is noted that for selenium (Se) in soil the:

Current background concentration is 1.8 milligrams per kilogram (mg/kg);
Human health RBCL (for the most conservative receptor) is 1.23 mg/kg;
Ecological RBCL for the most conservative receptor is 0.6 mg/kg; and
Proposed cleanup level is 2.40 mg/kg.

From this Excel sheet, it is also noted that for Se, a background concentration of 29 mg/kg (95% upper
simultaneous limit [USL95]) and weighted background concentration of 16.2 mg/kg were computed
based upon the combined data set collected during 2009 and 2014. Therefore, R10 personnel need to
appropriately determine and establish background levels/preliminary remedial goals (PRGs) and decision
rules for the application of PRGs for the surface materials/soil on the waste rock dumps. These PRGs and
decision rules will be used to determine whether waste dumps or portions of waste dumps will need to be

_————-—
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covered with clean material to protect human health and the environment. More information about the

Site can be found at:
http://yosemite.epa.gov/r10/cleanup.nsf/7d19c¢d587dff1ece8825685f007d56b7/0ccd0ad659¢095ef882577

4300578be0!opendocument

Areas from which to collect background samples were required to meet the following criteria: 1)
undisturbed by mining or waste rock disposal; 2) representative of the geology where waste rock dumps
have been placed; and 3) comparable in aerial extent to the waste rock dumps that were characterized at
the Site during the 2009 Supplemental Soil and Vegetation Characterization program. Two areas:
Blackfoot Bridge and Caldwell Canyon were selected as background areas. During 2014, background soil
samples (n=72) were collected from the four geological formations (Meade Peak, Rex Chert, and Wells
and Dinwoody) of the selected background areas, representing the entire geologic sequence that
ultimately was disturbed by mining operations. The sampled background areas consist primarily of native
vegetation and undisturbed soil; however the occurrences of COPC/ROPC detections are widespread in
background areas across the above mentioned geologic formations. During 2009, 39 background samples
were collected from undisturbed mine/formation combination areas: Ballard-Wells, Henry-Dinwoody,
and Enoch-Dinwoody. The background data collected in 2009 and 2014 will be used to establish PRGs
which will be used in the decision making process (e.g., cover or not cover waste dumps with clean soil).

On May 14, a conference call was held with R10 personnel to discuss the objectives and scope of the
work assignment (WA). Some issues associated with establishing PRGs were discussed. Specifically, due
to high natural variability and substantial differences in concentrations of the COPCs of the geological
formations, it is not easy to establish background data sets and compute PRGs for all onsite areas of the
P4 Mines. It is noted that the Meade Peak formation exhibits significantly higher background
concentrations than the other three geological formations. As discussed during the conference call, due to
difficulties associated with the implementation of PRGs, it is not practical/desirable to establish separate
PRGs for the four formations present at the site. R10 is asking for guidance: in establishing PRGs/BTVs
for the P4 Mines, and in developing defensible and practical decision rules to perform background versus
site comparisons. Selenium (Se) was identified as one of the key COPCs.

1.0 Objectives

In mid May 2015, Mr. Stifelman and Mr. Tomten of USEPA R10 requested the assistance of the Site
Characterization and Monitoring Technical Support Center (SCMTSC) to provide guidance on: how to
establish PRGs for the various COPCs identified at the Site; and how to develop and implement decision
rules based upon those PRGs. Two documents (MHW 2013 and MWH 2015) summarizing statistical
evaluations on background data and an Excel file called, "Appendix D" consisting of background data for
the COPCs/ROPCs collected from the four formations of the background areas were provided by Mr.
Stifelman.

As described in the WA, the objectives of the background evaluations summarized in this TM are:

1. Identify range of options for consideration of background data in establishing PRGs;

2. Outline decision rules for application of PRGs for the surface materials/soil on the waste rock
dumps;

3. Outline pros and cons of each of the suggested option; and

4. Review and comment on the use of background threshold value (BTV): USL versus upper
tolerance limit (UTL) versus upper prediction limit (UPL) selection.

During a subsequent conference call with Mr. Tomten, he mentioned that it might not be feasible and
prudent to remediate mine areas of concern (AOCs) which have already been re-claimed based upon a
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single exceedance of the BTV/PRG by an onsite observation. He wanted guidance on applying PRGs to
make cleanup decisions at such AOCs. Taking this scenario into consideration, for onsite areas which
have been re-claimed, instead of performing point-by-point onsite comparison with a BTV, the use of a
proportion test allowing a certain percentage of exceedances of BTV by AOC observations has been
suggested. The project team selects an allowable proportion, po exceedances of a BTV before triggering a
further remediation/investigation decision (e.g., covering or not covering waste dumps or portions of
waste dumps with clean material). Mr. Tomten also requested some guidance on generating and using
index plots to compare onsite data with background data and established BTVs/PRGs. Following the
conference call, an onsite Se data set collected from the three P4 mines was provided by Mr. Tomten. The
onsite data set has been used in Section 3.3 illustrating the generation of color-coded (symbol-coded)
index plots (Singh and Nocerino, 1995) comparing onsite data with background data and suggested
PRG(s).

The approaches to address the objectives listed have been discussed in Sections 2 and 3. As desired by
Mr. Tomten, background versus onsite comparisons have been illustrated by using index plots which are
described in Section 3.0. Section 4.0 summarizes evaluations comparing BTV estimates computed using
the 2009 background data and the combined 2009 and 2014 background data. ProUCL 5.0 (EPA 2014)
has been used to generate quantile-quantile (Q-Q) plots, box plots, and compute all statistics including
upper limits used to estimate BTVs/PRGs. Software Scout 2008 v1.00.00 (EPA 2009) has been used to
generate index plots.

2.0 Options for Establishing PRGs to Perform Background versus Site Comparisons and
Associated Pros and Cons

Establishing a PRG based upon a background data set depends upon its application and intended future
use. Typically, BTV estimates such as a 95% upper percentile, a 95% UPL (UPL95), a 95% UTL with
95% coverage (UTL95-95), a USL95; or a 95% upper confidence limit of the mean (UCL95) are used to
establish PRGs. Based upon the project needs, the project team selects the most appropriate upper limit
to establish a PRG. The detailed description of these upper limits with interpretation is provided in
Chapter 3 of the ProUCL 5.0 Technical Guide (EPA 2014).

21 Using a BTV and Proportion Test

2.1.1 Using a BTV to Establish a PRG

A BTV is estimated based upon an established (as determined by the project team) background data set.
BTVs are used when point-by-point onsite observations (e.g., Se concentrations) are compared with a
BTV estimate. Typically, an exceedance of a BTV/PRG by an onsite observation potentially triggers the

further investigation decision at the location associated with that observation.

This approach may be used when decisions are made individually for each sampled location in an AOC.

Depending upon the statistic used, this approach may lead to a high number of false positives in an AOC.
The most commonly used value to estimate a BTV is a UTL95-95. The use of a UPL95 to estimate a
BTV results in a high number of false positives especially when more than a few (e.g., >3-4) individual
AOC comparisons are made with a UPL95. On the other hand, the use of a USL95 may yield a high
number of false negatives for an AOC unless the background data set represents a single statistical
population and does not consist of outliers. More details about the upper limits used to estimate BTVs and
associated pros and cons of those limits are provided in Chapter 3 of the ProUCL 5.0 Technical Guide.
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Caution about the use of a USL: A USL represents a limit on the maximum value in a data set and is
intended for use when the data set represents a single population free of outliers (representing
observations from a different population). Unlike a UTL, by definition, a USL does not assume that a
certain percentage of the data set (in this case the background data set) may not belong to background
population (implicitly assuming that all observations in the data set come from the same population). As
described in ProUCL guidance, a USL may not be used for a BTV when a background data set includes
statistical outliers and/or a mixture population, as is the case here. A ProUCL generated output sheet
displays a similar message about the use of a USL to determine a BTV estimate.

Statistical and graphical evaluations performed on the P4 Mines ackground data indicate that background
data collected from the four geologic formations within the two background areas represent multiple
statistical populations. In this scenario, a USL can be significantly high and may represent an
unrealistically high value for a background BTV.

If all the stakeholders involved determine that the elevated Meade Peak data represents valid background
concentrations, then USLs are not recommended for establishing project PRGs.

2.1.2  Using a BTV and Proportion Test to Determine the Status of an AOC

To control the number of false positives associated with the point-by-point comparison approach used for
an AOC, one can perform a one-sample proportion test with the BTV/PRG as an action level. Applying
expert site knowledge and regional geochemistry when using the proportion test, the project team selects
an allowable proportion, po (e.g., 5%, 10%), of exceedances of the action level (PRG) by observations
from an AOC before triggering an investigation/remediation decision at that AOC. Once a PRG has been
established based upon a background data set, the following hypothesis is tested.

Null Hypothesis (Ho): Proportion, p, of exceedances of PRG by onsite observations in an AOC<=p,

versus the
Alternative Hypothesis (H;): Proportion, p, of exceedances of PRG by onsite observations in that AOC

)po

The proportion, p, of an AOC (population proportion) is estimated by the sample proportion of
exceedances of a BTV given as follows:

Sample proportion is equal to the number of observed exceedances of a PRG in an AOC divided by the
total number of comparisons made with the PRG for that AOC.

This approach may be used when decisions are made for the entire AOC.

If for an AOC, the null hypothesis is not rejected, the project team may walk away from that AOC
without performing further investigations. The details of performing a proportion test are provided in the
ProUCL 5.0 Technical Guide, where a PRG is used as an action level. ProUCL 5.0 software can be used
to perform a proportion test.

22 Using a UCL9S to Establish a PRG

A confidence interval (CI) of mean or a UCL95 of mean can also be used to perform background versus
site comparisons. Unlike a BTV, a UCL9S5 represents an estimate of the mean of the background
population. A 95% CI (or a 90% CI to yield a 95% UCL) of mean is computed based upon a background
data set; and if the average of an onsite AOC does not belong to the computed 90% CI, it is inferred that
the means of the two populations are not comparable with confidence coefficient of 0.90. In the present
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context, a UCL95 can be used to establish a PRG; an exceedance of a background UCL95, PRG, by the
average value of an AOC potentially triggers the further investigation decision for that AOC as a whole.

A UCLS95 of background mean may be used to establish a PRG when the cleanup decisions are made for
an AOC (and not for an individual Site location). The AOC average should be computed based upon a
data set representative of that AOC. The use of averages of AOCs does not account for spatial
information and the decisions are made for the entire AOC. This option may lead to incorrect decisions,
for example cleaning some of the clean locations and not cleaning some of the dirty locations within an
AOC. Therefore, this approach may not be used for large AOCs. ProUCL 5.0 software can compute
parametric and nonparametric UCL9Ss for data sets with and without nondetect (ND) observations.

23 Hypothesis Tests to Perform Site vs. Background Comparisons

Equivalently, one can use two-sample hypotheses testing approaches to perform site versus background
comparisons, provided enough background and onsite data (e.g., ten or more from each population,
preferably computed using data quality objectives) are available. The commonly used two-sample
hypotheses tests are: t-test, Wilcoxon-Mann-Whitney (WMW) test, and Gehan test. The details of these
testing approaches are given in the ProUCL 5.0 Technical Guide. These approaches compare means or
medians of two populations (background versus Site).

An advantage of using the UCL95/PRG approach over the hypothesis testing approaches to perform site
versus background comparisons is that there are several parametric and nonparametric methods available
to compute a UCL95 for data sets with and without NDs. Not many parametric (e.g., for gamma
distributed data sets) and nonparametric hypotheses tests are readily available for data sets with and
without ND observations.

3.0 Evaluation of Background Data for Selenium (Se)

The Se background data set collected during 2009 and 2014, provided by Mr. Tomten, has been used to
illustrate the suggested options to establish PRGs and perform background versus Site comparisons for
the various COPCs. All units are reported in mg/kg. Emphasis is given on the use of formal index plots to
compare onsite data with background data and PRGs displayed on those index plots; similar approaches
can be used for the other COPCs identified at the Site.

As mentioned earlier, the project team needs to determine which approach will be applicable to address
their project needs. Based upon the available information and discussions with_Mr._Tomten, it appears
that the use of BTVs will be most appropriate to establish PRGs for the P4 Mines Site. Therefore, PRGs
for Se have been established using upper limits used to estimate BTVs.

A background dataset of size 111 for Se collected during 2009 (from undisturbed areas of Ballard, Enoch,
and Henry) and during 2014 (Blackfoot Bridge and Caldwell Canyon background areas) representing the
four geological formations present at the P4 Mines was provided by Mr. Tomten. In this data set, 39
observations were collected during 2009, and 72 observations were collected in 2014 from the two
background areas: Blackfoot Bridge and Caldwell Canyon. He mentioned that concentrations of the
COPCs present in the four formations of the background areas are highly variable and the Meade-Peak
formation exhibits higher concentrations in comparison with the other three formations. Considering the
presence of high variability among the four formations, one may want to establish separate PRGs for the
each formation. Mr. Tomten suggested that since PRGs need to be established for many COPCs, and
concentrations from many waste dumps and mine pits will be compared with those PRGs, from an
implementation point of view, it would not be desirable and practical to develop separate BTVs/PRGs for
the four formations. Evaluations summarized in this TM have been performed keeping these issues and

L V= ]
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concerns in mind.

The entire background data set of size 111 represents 11 background area and formation combinations
(categories): Meade-Peak/Canyon; Dinwoody/Canyon; Rex-Chert/Canyon; Meade-Peak/Bridge;
Wells/Canyon; Dinwoody/Bridge; Rex-Chert/Bridge; Wells/Bridge; Dinwoody/Henry; Wells/Ballard and
Dinwoody/Enoch Valley. For convenience, in tables and graphical displays used in this TM, the
abbreviations summarized in Table 1 have been used for the 11 formation/area background categories.

Table 1 — List of Abbreviations used in Graphs and Statistical Analyses

Formation or Area Abbreviation
Meade-Peak/Caldwell Canyon Md-Pk-Cnyn
Dinwoody/Caldwell Canyon Dnwoody-Cnyn
Rex-Chert/Caldwell Canyon Rex-Chrt-Cnyn
Mead-Peak/Blackfoot Bridge Md-Pk-Brdg
Rex-Chert/Blackfoot Bride Rex-Chrt-Brdg
Dinwoody/Blackfoot Bridge Dnwoody-Brdg
Wells/Caldwell Canyon Wells-Cnyn
Wells/Blackfoot Bridge Wells-Brdg
Wells/Ballard Wells-Ballard
Dinwoody/Henry Dnwoody-Hnry
Dinwoody/Enoch Valley Dnwoody-Ench

Figure 1 has box plots and Figure 2 has Q-Q plots comparing background Se concentrations of the four
geological formations (irrespective of the background area sampled). Summary statistics for background
data from the four formations are presented in Table 2. From Figures 1 and 2, and Table 2, it is noted that
the combined Meade-Peak formation data from the two background areas indeed exhibits higher Se
concentrations in comparison with the other three formations.

" Box Plot for Se-all-Bk-mghkg
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Figure 1. Box Plots Comparing Se in Soils of Four Geological Formations (in Background Areas)
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Figure 2. Q-Q Plots Comparing Se in Soils of Four Geological Formations (in Background Areas)

Table 2. Summary Statistics for Se in Four Formations of Background Areas

G I Statistics for U d Data Sets
Variable NumObs # Missing Minimum Maximum Mean SD SEM MAD/0.675 Skewness  Kurtosis cv
Se-all-Bk-mg/kg (dnwoody) 38 0 0477 863 173 1.902 0.309 0576 255 5874 11
Se-al Bk-mg/kg (meade-peak] 29 0 1.1 29 8021 817 1.517 4522 1.451 1.265 1.018
Se-all-Bk-mg/kg {rex-cht) 20 0 14 15 33 3.264 073 089 2684 8604 0.963
Se-al-Bk-mg/kg (wells) 24 0 025 10 1.575 2181 0.445 0.276 289 9.701 1.385

Percentiles for Uncensored Data Sets

Variable NumObs #Missing 10%ile 20%ile 25%ile{Q1) 50%ile(Q2) 75Zile(Q3) 80%ile 90Zile 95%ile  99Xile
Se-allBk-mg/kg (dnwoody) 38 0 0.642 0.704 0737 1.06 15 1604 3574 6.686 7.986
Se-allBk-mg/kg (meade-peak] 29 0 1.58 1.84 21 465 1.3 142 188 26.2 23
Se-al-Bk-mg/kg (tex-chit) 20 0 1.58 168 1.7 22 3225 344 551 949 139
Se-al-Bk-mg/kg (wells) 24 [t} 0318 0.364 0374 0.452 1.975 24 287 494 8919

or a closer_look, box_plots comparing Se concentrations of the_11 categories present in the background
data set of size 111 are shown in Figure 3, and Table 3 has summary statistics for those 11 categories.
From Figure 3 and Table 3, it is noted that the Meade-Peak formation of the Blackfoot Bridge background
area exhibits the highest Se concentrations. The six highest concentrations of the background data set of
size 111 come from the Meade-Peak-Blackfoot Bridge category (Figure 5) which consists of only 13
observations. From Table 3, it is noted that for this category, all statistics including mean, median and
other percentiles (e.g., 80%, 90%, 95%, etc.) are substantially higher than those of the other 10
background categories. From Figure 3 and Table 3, it is also observed that Se concentrations of the
Meade-Peak formation from the Caldwell Canyon background area are not higher than the rest of the nine
background categories, as can be seen in the box plots shown in Figure 4 comparing Se concentrations of
the 10 background categories (excluding Meade-Peak/Blackfoot Bridge). Figures 3 and 4 suggest that Se
of Meade-Peak formation are higher only in the Blackfoot Bridge area, and Se concentration in the Md-
Pk-Cnyn background category are in the range comparable to the other nine background categories.
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Figure 3. Box Plots Comparing Se in 11 Background/Formation Categories
Table 3. General Statistics for Background Dataset by 11 Categories
General Statistics for Uncensored Data Seis
Variable NumObs #Missing Minimum Maximum Mean SD SEM MAD/D 675  Skewnesa Kurimis (e
Se-mg'ky (drwoody-brdg) 7 0 15 28 1857 0516 01% 0 1262 0487 0278
Se-mg'kg (drwoody-cryn) 5 0 11 13 122 00837 00373 0148 -0512 -0612 00686
Se-mg'kg (dnwoody-ench) 13 0 0537 B&3 2814 2932 0813 053 1074 -0555 1042
Se-mg'ky (dwoody-hrry) 13 0 0477 126 0773 0158 0.0543 0.138 126 2278 0.256
Se-mg'kp (md-pk-brdg) 13 0 42 23 146 B269 22 7413 0632 -055 0567
Se-mghky (md-pk-cyn) 16 o 11 55 28678 1412 0353 0B52 0915 -0607 0527
Se-mglkg (rex-chr-brdg) 10 0 21 15 493 4117 1.302 133 2031 3877 0835
Se-mgkg (rex-chr-cryn) 10 0 14 32 185 0s3 0167 0222 2134 5164 0286
Se-mg’kp (wefls-ballerd) 13 0 025 0485 0369 D 0&27 00174 o0ss3 03 0302 017
Se-mgikyg (wells-brdg) [ 0 22 10 4317 2589 122 0533 1848 3227 0692
Se-rgkg (wella-cnyn) 5 0 3 19 142 0383 0N 0445 0.19 -2.167 027
Percentiles for Uncemaored Data Sets
Varishle NumOls #Missing 10%ile 20%de 26%ile(GT) 50%il(Q?) 75%ik0Y 80%ide 90%ile 95%de  9Iile
Se-mg'ky (dnwoody-brdg) 7 0 15 15 15 15 21 222 25 265 27
Se-mghkg [drowoody-cmym) 5 0 114 118 12 12 13 13 13 13 13
Se-mg'kg [dnwoodyench] 13 0 0651 0744 OBI6 05 538 6142 BBAZT 7586 B4l
Se-mg'kp (drwoody-hrey) 13 0 0623 0652 0.666 07356 0863 087 059 1116 1231
Se-mgrkg (md-pk-brdg) 13 0 552 748 85 13 18 204 26 ) 29
Se-mgkg (md-pkcryn} 16 0 145 16 16 21 155 48 4675 49 538
Se-ng'kg (rex-chit-brdg) 10 0 219 244 255 k¥ 485 592 978 1233 1448
Se-mglkg (rex-chri-cryn) 10 0 14 156 186 17 1875 1.56 23 275 n
Se-mgky (wells-ballard) 13 0 0286 0.324 0355 037 0413 0416 0418 0445 0477
Se-mgpkg (weils-brdg) 6 0 245 27 275 285 47 53 765 B82S 9765
Se-mgkg (wellscryn) 5 0 104 108 1 14 17 174 182 188 1892
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Figure 4. Box Plots Comparing Se in 10 Background/Formation Categoriéé (Excluding Md-Pk-Brdg)
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Figure 5. Index Plot Comparing Se in 11 Background/Formation Categories
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Index Plot Comparing Background Se of 10 Categories (without Md-Pk-Brdg)
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Figure 6. Index Plots Comparing Se in 10 Background/Formation Categories (Excluding Md-Pk-Brdg)

Computations of upper limits used in Figures 5 and 6 are described in Section 3.2. The use of an upper
limit such as a USL95, a UTL95-95, or a UCL9S inflated by the inclusion of elevated observations from
one background category (e.g., Meade-Peak/Blackfoot Bridge) is not desirable for estimating a BTV/PRG
applicable to the entire P4 Mines Site. A PRG should be established based upon a data set representative
of the majority of the background area and data set (and not influenced and inflated by a particular area).
If deemed necessary, it is suggested that separate PRGs be established for the Mead-Peak formation.

Note: Performing Analysis of Variance (ANOVA) tests to determine if the means/medians of the various
categories (e.g., 10 categories) are comparable will not be useful. As can be seen from Figure 4, the
means are not comparable. However considering: the difficulties in identify suitable background areas;
the presence of inherent variability in the four formations, and that the data ranges of the other 10
background categories (without Meade-Peak/Blackfoot Bridge) are fairly comparable (Figures 4 and 6), it
is suggested to use the data set of size 98 from the 10 categories (less Meade-Peak/Blackfoot Bridge) as a
site background data set representing the four formations present at the P4 Site.

If the combined data set from the 10 background categories exhibits a fairly continuous display without
isolated extreme outliers (inclusion of outliers increases the variability and upper limits) on a Q-Q plot,
the combined data set can be considered representative of a background data set, following the removal of
the obvious extreme outlier(s). The Q-Q plot displayed in Figure 9 based upon the combined data set of
size 97 (without outlier 15) exhibits a fairly continuous display. If the project team wants to establish one
PRG for all Site formations, this background data set of size 97 may be used to compute BTV estimates
to establish a PRG.

31 Suggestions and Preferred Options

The inclusion of data from the Meade-Peak/Blackfoot Bridge category in the computation of upper limits
(e.g., USL95, UTL95-95) yields elevated estimates of BTV/PRGs mainly representing the Mead-Peak
formation. Such a PRG may not be used for Site areas from the other three formations. Keeping in mind
the practical and implementation issues (as discussed above), one of the following options may be used to
establish a background data set and compute BTV estimates.
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1. Preferred Option: Compute a BTV without using the background data from the Meade-
Peak/Blackfoot Bridge category. This BTV, based upon a data set of size 98 (consisting of data
from the Meade-Pk/Caldwell Canyon category) or a data set of 97 (without outlying value, 15),
represents all four formations and is suitable to establish a single PRG applicable to all four
formations of the P4 Mines Site;

2. Compute two upper limits: one upper limit will be used to estimate a BTV/PRG only for the
Meade-Peak formation, and the other upper limit will be used to estimate a BTV/PRG for the
other three formations. A BTV estimate applicable to the Meade-Peak formation can be computed
using the entire background data set of size 111, and a BTV estimate applicable to the other three
formations can be computed based upon a data set of size 82 (excluding all Meade-Peak data
from both Blackfoot Bridge and Caldwell Canyon areas) representing the other three formations.

3. Due to high variability and presence of outliers, the use of a USL9S5 is not recommended to
estimate a BTV. The commonly used statistic, UTL95-95, is suggested for establishing a
BTV/PRG. As described in the ProUCL 5.0 Technical Guide, the use of a USL95 should be
avoided when a data set comes from multiple populations (four formations here) and/or consists
of outliers. The use of a USL95 inflated by outliers may yield a high number of false negatives
which may not be desirable.

However, if the project team and decision makers determine that background concentrations are
naturally high in P4 Mine background areas, they may decide to use a USL95 to estimate a
BTV/PRG (without Meade-Peak/ Blackfoot Bridge data).

The reviewer suggests that the first option above be used to establish a background data set, and the use of
a UTL95-95 to establish PRGs for point-by-point comparisons. Point-by-point comparisons may be
supplemented with a proportion test, with an allowable proportion, po = 0.05, of exceedances. There are
sufficient (98) background observations collected from the other ten background categories. The category
Meade-Peak/ Caldwell Canyon will represent the Meade-Peak formation in the background data set.

3.2 Establishing a Background Data Set Representing the Four Site Formations and
Computing Upper Limits to Estimate BTVs/PRGs

The quantile-quantile (Q-Q) plot based upon the entire Se data set of size 111, is shown in Figure 7 and
the Q-Q plot of the data set of size 98 without data from category Meade-Peak/Blackfoot Bridge is shown
in Figure 8.

_—
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Figure 7. Q-Q Plot Based upon Data Set from 11 Background Categories
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Figure 8. Q-Q Plot Based Upon Data Set from 10 Background Categories without Md-Pk-Brdg

From Figure 8, an obvious outlier, 15 (from Rex-Chert/Blackfoot Bridge category), is observed. The
Rosner test identified this value and some other values (8.63, 9.2, and 10) as outliers. These statistical
results are not included but can be verified using ProUCL 5.0. Since the concentrations of the COPCs in
the four formations are highly variable, only 15 may be considered as an outlier. The full data set of size
111 does not follow a known discernible distribution and the data set of size 98, excluding the Meade-
Peak/Blackfoot Bridge data, follows a lognormal distribution. The data set without the outlier 15, also
follows a lognormal distribution. The upper limits computed with and without data from the Meade-
Peak/Blackfoot Bridge formation (prior to performing outlier tests), respectively, are summarized in
Tables 4 and 5. Upper limits based upon the data set of size 97 without the outlier, 15, are summarized in
Table 6.
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A Q-Q plot shown in Figure 9 is based upon a data set of size 97 without the outlier, 15. The Q-Q plot
displayed in Figure 9 represents a fairly continuous graph without breaks of substantial magnitude. The
data set displayed in Figure 9 representing the four Site formations (Mead-Peak is represented by data
collected from Caldwell Canyon) is the preferred background data set for Se to establish PRGs.
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Figure 9. Q-Q Plot Based Upon Se Data Set from 10 Background Categories without Md-Pk-Brdg
Data and Without the Isolated Outlier 15.

Table 4. BTV Estimates for Se Based Upon the Full Background Dataset of Size 111

General Statistics

Total Number of Observations 111 Number of Distinct Observations 82
Minimum  0.25 First Quartle  0.869
Second Largest 29 Median 1.7
Maximum 29 Third Quartile 325
Mean  3.639 SD 5.32
Coefficient of Variation ~ 1.462 Skewness 2,983
Mean of logged Data 0.637 SD of logged Data  1.094
HNonparametric Upper Limils for Background Threshold Values
Order of Statistic,r 109 95% UTL with 95% Coverage 22
Appraximatef 1912 Actial Corfidence Coefficient {(CC) achieved by UTL 092
Sample Size needed to achieve specified CC 124
95% Percentile Bootstrap UTL with 95% Coverage 20 95% BCA Bootstrap UTL with 95% Coverage 20
9% UPL 164 90% Percentile 9.2
90% Chebyshev UPL 1967 95% Percentile 155
95% Chebyshev UPL 2693 99% Percentile 283
BLUSL 29

e Mean=3.64, Median = 1.7, and
Nonparametric estimates: UTL95-95=22 or USL=29 of BTV/PRG
¢ As mentioned earlier, the inclusion of elevated data from the background category, Meade-
Peak/Blackfoot Bridge resulted in BTV estimates (22 or 29) representing that category with
elevated concentrations rather than representing the majority of background data of size 98
representing the four formations.
L. ——————————————— |
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Table 5. BTV Estimates for Se Based Upon a Data Set of Size 98 without Mead-Peak/Bridge Data

Se-less-Mpeal:-Bridge
General Sialistics
Total Number of Observations 98 Number of Distinct Observations 70
Minimum 025 First Quartile  0.763
Second Largest 10 Median 15
Maximum 15 Third Quartile 25
Mean 2185 SD 2327
Coefficient of Variation ~ 1.065 Skewness 2852
Mean of loggedData  0.388 SDof logged Data  0.879
Lognormal GOF Test
Shapiro Wilk Test Statistic 0975 Shapiro Wilk Lognormal GOF Test
5% Shapiro Wilk P Value  0.292 Data appear Lognormal at 5% Significance Level
Lilliefors Test Statistic 00583 Lilliefors Lognomal GOF Test
5% Lilliefors Critical Value  0.0897 Data appear Lognormal at 5% Significance Leve!
Data appear Lognormal at 5% Significance Level
Background Statistics assuming Lognorma! Distribution
95% UTLwith 95% Coverage 8022 90% Percentile(z) 4549
B%UPL() 6397 95% Percentile (z) 6262
% USL 2464 99% Percentile (z} 114

Nonparametric Distribulion Free Background Stalistics
Data appear Lognormal at 5% Significance Level

Nonparametric Upper Limils for Background Threshold Values
Order of Statistic.r 96 95% UTL with 95% Coverage 92

Approximatef 1684 Actual Confidence Coefficient (CC) achieved by UTL 0873
Sample Size needed to achieve specified CC 124
95% Percentile Bootstrap UTL with 95% Coverage 9.2 95% BCA Bootstrap UTL with 95% Coverage 9.2
9% UPL 6977 90% Percentile 482
90% Chebyshev UPL 9203 95% Percentile 6686
95% Chebyshevy UPL 1238 99% Percentile  10.15
B%USL 15

e Mean = 2.18; Median = 1.5; Data follow a lognormal distribution
Statistics based upon a lognormal distribution: UTL95-95 = 8.022; and USL95=24.64
Most of the upper percentiles: 90%, 95% and 99% are all <=11.4.

e With a mean of 2.18 mg/kg, a 95% percentile of 6.68, and a 99% percentile of 11.15, a BTV
estimate of 8.02 (UTL95-95) appears to be more reasonable than 24.64 (USL95).

o The use of a UTL95-95 = 8.02 is recommended to establish a PRG, especially for the three
formations: Well, Rex-Chert, and Dinwoody. It is also reasonable to use this PRG=8.02 for the
Meade-Peak formation as Mead-Peak formation is represented by the data collected from the
Caldwell Canyon background area.

R R —————
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Table 6. BTV Estimates Based Upon the Dataset of Size 97 without Mead-Peak/Blackfoot Bridge
Data and Outlier, 15

General

Total o0 ons 97 of D stinct Observations 69
umber of M s ng Observations
M mum 025 rstQuathe 0745
ndla t 92 an 15
Maamum 0 ThrdQuaie 25
2053 SD 193
entof 2 ah 942 Sk 23
of 364 SD of Data 851
nor  GOF Test
oW k Test sbte 097 piroWilk L GOF Test
5% Shapiro ¥ kPValue 0 55 appear Log rmal at 5°. Significance Leve
ecforsTest shc 0 Lilliefors GOF Test
5° Cntical Vaue 00902 Dataa mal at 5%, Significance Leve

Data appear Lognormal at 5% Signeficance Level

nd “stics assuming

95° UTL 85°, Cov 43 90°. Pe centie 2
95°, UPL 5961 95°. P ez
85" USL 2192 99°. Percenti e z

par “c Distribution
Data appear Lognormal at 5%

Nonpa ° Upperli for hold
Orderof  stc 95 95 . with 95°. Cov B63
Appraxi 667 dence ¢ ent (CC) ach eved by
Sample Size to achieve specfied CC 24

95°% Pe centte 55° Cov B&3 95° tr p vath 95°. Coverage BE63

95 UPL 664 90°. Percenhe 467

90" hevUPL 7 95°. Percen e I
95°, hevUPL 1 53 9. nhe 95232

L R |

e Mean 2.05° Median =1 5' Data set follows a lognormal distribution
Statistics based upon a lognormal distribution are: UTL95-95 = 7.43 and USL95=21.92

e With a mean of 2.05 mg/kg, 95% percentile of 5.83, and a 99% percentile of 10.43, a BTV
estimate of 7.43 (UTL95-95) appearsto be more reasonable than 21.43 (USL95).

e The use of UTL95-95 =7.43 is suggested to establish a PRG for Se. This PRG is applicable to all
four formations present at the P4 Mines Site.

Recommendations: Considering the presence of several formations and difficulties associated with the
identification of an appropriate background data set, it is suggested that 8.02 mg/kg or 7.43 mg/kg be
used as an estimate of PRG for at least three formations. Since concentrations of the Meade-Peak
formation of the Caldwell Canyon are in the range comparable to ranges of the other nine background
categories. The use the same PRG of 8 mg/kg is suggested for all four formations present at the P4 Site.
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3.3 Index Plots to Compare Onsite Data with Background Data and BTVs/PRGs

Mr. Tomten has indicated that once PRGs have been established for the COPCs, they would like to use
formal index plots to perform site versus background comparisons and compare onsite values with those
PRGs. A formal color-coded (symbol-coded) index plot represents a useful tool to compare onsite data
with background data and PRGs. Index plots are also useful to determine if the established background
data set indeed represents a background data set. Distances of onsite observations (from the various
mine/formation combinations) from the potential PRGs displayed on an index plot can help the project
team in selecting an appropriate upper limit to establish a PRG, and also in making cleanup/remediation
decisions at the sampled locations represented by onsite observations displayed on the index plot.

Several index plots are generated comparing onsite data from the three P4 Mines with the established
background data and BTV/PRG estimates. The background data set of size 98 (with value 15) used in the
following index plots consists of all data except for the Meade-Peak/Blackfoot Bridge category data. For
comparison purposes, other upper limits including: 29 mg/kg (nonparametric USL based upon all 111
background values); 22 mg/kg (nonparametric UTL95-95 based upon all 111 background values); and 8
mg/kg (lognormal UTL95-95 based upon a data set of 98 without Meade-Peak/Blackfoot Bridge
category) are displayed on the index plots presented in this section.

Index Plot Comparing Ballard Se with Background and Suggested PRGs
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Figure 10. Index Plot Comparing Ballard Mine Se Data with Background Data from Four Formations
and BTV Estimates

Figure 10 has the background data from the four color-coded background formations (irrespective of their
origin) and onsite data from the four areas (Haul Road, Ballard Shop, Mine Pits and Waste-Rock Dumps)
of the Ballard Mine. It is easy to note that Se concentrations of the four background categories are fairly
comparable. From Figure 10, it is observed that the Ballard Waste-Rock Dump areas exhibit significantly
higher Se concentrations than the background data and the three BT Vs displayed in Figure 10. Several
observations from Ballard Shop and Ballard Mine pits also exceed the BTV/PRG estimates. Ballard Haul
Road exhibits the lowest levels of Se concentrations.

Since the background concentrations from the four formations are comparable, the entire background data
has been labeled as Bk/bk in most of the index plots displayed as follows.

———- .
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Index Plot Comparing Ballard Se with Background and Suggested PRGs
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Figure 11. Index Plot Comparing Ballard Mine Se Data with Background (bk) Data (including 15)
and BTV Estimates

Figure 11 depicts an index plot similar to the index plot shown in Figure 10, except that all background
formation categories are merged into one category, labeled as Bk. It is of interest to identify mine pits
(two of them) and waste dumps (six of them) exhibiting higher concentrations in comparison with
background areas and other Ballard mine areas. Figure 12 has a color-coded (symbol-coded) index plot
comparing Se concentrations of the various waste-rock dumps and mine-pits with background data and
potential BTV/PRGs. A review of Figure 12 can help the project team in quickly identifying Ballard mine
areas exhibiting substantially higher Se concentrations in comparison with background data and
BTV/PRG estimates.

index Plot Comparing Ballard Se with Background and Suggested PRGs
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Figure 12. Index Plot Comparing Ballard Mine Se Data Categorized by Waste Dumps and Mine Pits with
Background Data (including 15) and BTV Estimates
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Figure 13 has an index plot similar to the index plot shown in Figure 10, comparing Se concentrations
from Henry Mine and background areas.

Index Plot Comparing Henry Mine Se with Background and Suggested PRGs
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Figure 13. Index Plot Comparing Henry Mine Se Data with Background Data from Four Formations and
BTV Estimates
From Figure 13, it is easy to see that Waste-Rock-Dumps in Henry mine areas exhibit significantly higher

Se concentrations in comparison with the background and PRGs. To identify the waste-rock dump areas
exceeding BTV values, one can use an index plot displaying data individually from the waste-rock dump

as shown in Figure 14.

index Plot Comparing Ballard Se with Background and Suggested PRGs
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Figure 14. Index Plot Comparing Henry Mine Se Data Categorized by Waste Dumps with Background
Data (including 15) and BTV Estimates
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A quick review of Figure 14 can help the project team in identifying Henry mine-dump areas exhibiting
substantially higher Se concentrations in comparison with background data and BTV/PRG estimates. It is
easy to note that wst5-rck-dmp exhibits the highest of Se concentrations followed by wst3-rck-dmp and
wst1-rck-dmp.

Figure 15 and Figure 16 have similar index plots comparing Se concentrations from Enoch Valley Mine
with those of background areas and BTV/PRG estimates.

Index Plot Comparing Enoch Valley Se with Background and Suggested PRGs
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Figure 15. Index Plot Comparing Enoch Valley Se Data with Background Data from Four Formations and
BTV Estimates

Index Plot Comparing Enoch Valley Se with Background and Suggested PRGs
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Figure 16. Index Plot Comparing Enoch Valley Se Data with Background Data (including 15) and BTV
Estimates
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Index Plot Comparing Enoch Valley Se with Background and Suggested PRGs

s %5
M @1 “s
s 343042 e
_2_!(1?
s B
E
1.0 187 UT95.85 22
MRV 158
75— e e 5 — e St b Ly - -
S SO, = 2 o B o s s s T s el se kb baaa o B O PP L PP T T T,
s
425
° 1 ] b ] - L] ™ [} " 1 18 120 130 1
Index of Observations
I o # A ench ancharstl .rek-dmp @ enchowstlrck-dep — sachwstlrck-dmp

Figure 17. Index Plot Comparing Enoch Valley Se Data Categorized by Waste Dumps with Background
Data (including 15) and BTV Estimates

A review of displays presented in Figures 16 and 17 reveals that Se concentrations from waste-rock dump
3 exhibits substantially higher Se concentrations in comparison with background data and BTV/PRG
estimates followed by wst1-rck-dmp and wst2-rck-dmp.

4.0 Comparing Se Data Collected During Years 2009 and 2014

Q-Q Plot for Se-all-Bk-mg/kg 2009.yeur
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FTi_gure 18. Q-Q pT(;t‘;c_omparing_t-v-vo Se backgrou;d data sets collected during 2009 and 2014

From Figure 18, it is easy to see that there are differences (also determined by the WMW test) in the Se
background concentrations collected during 2009 and 2014. Using the year 2009 background data, it is
noted that Se concentrations do not follow a discernible distribution. Nonparametric upper limits

_————
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computed using the 2009 data are shown in Table 7. From Table 7, it is noted that a nonparametric
USL95 = 8.63 mg/kg. However, in the Excel sheet, "PRG-Table-Ballard-FS-with Updated BTVs.xIsx,"
provided by R10, a USL95 of 1.80 mg/kg has been listed for Se computed using the 2009 data. Even
though a Se value of 1.80 mg/kg may appear to be lower than site background, a BTV estimate of 8.63
mg/kg does not.

In this Excel sheet some weighted BTV estimates have also been listed. For example, a weighted BTV
estimate based upon the entire background data set (from 2009 and 2014) for Se has been listed as 16.2
mg/kg. The validity of the estimates of weights assigned to the various formations and therefore, of a
BTV estimate computed using those weights is questionable. The project team may want to investigate
these issues (e.g., weight assignments) further.

Table 7. Upper Limits for Se Computed using 2009 Data
Se-all-Bk-mg/kg (2009year)

General Statistics

Total Number of Observations 39 Number of Distinct Observations 39
Minmum  0.25 First Quartle ~ 0.416
Second Largest 6.89 Median 0.677
Maximum  8.63 Third Quartle  0.896
Mean  1.319 SO 1976
Coefficient of Variation ~ 1.498 Skewness  2.758
Mean of logged Data  -0.255 SD of logged Data 0.877
Nonparametric Upper Limits for Background Threshold Values
Order of Statistic, 1 39 95% UTL with 95% Coverage  8.63
Approximate f  2.053 Actual Confidence Coefficient [CC) achieved by UTL 0.865
Sample Size needed to achieve specified CC 59
95% Percentile Bootstrap UTL with 95% Coverage 8.63 95% BCA Bootstrap UTL with 95% Coverage  8.63
9B%UPL 683 90% Percentile 2676
90% Chebyshey UPL ~ 7.322 95% Peicentile 6.674
95% Chebyshev UPL ~ 10.04 99% Percentile ~ 7.969

96%USL 863

The Se data set collected during 2014 (without Meade-Peak/Blackfoot Bridge data with elevated values)
does not follow a discernible distribution. Therefore, a USL95 will default to the largest value, 15 in the
data set. Table 8 has upper limits computed using 2014 data without the Meade-Peak/Blackfoot Bridge
data. Statistics summarized in Table 8 do not use the lower Se background concentrations (as shown in
Figure 18) collected during the year 2009; therefore the limits summarized in Table 8 are biased high.

= ...  ——— — — — ————“~“——————————
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Table 8. Upper Limits for Se Computed using 2014 Data
Se-all-Bk-mg/kg-less-md-pk-brdg-2014

General Statistics

Total Number of Observations 59 Number of Distinct Observations 31
Minimum 1 First Quattle 1.5
Second Largest 10 Median 1.9
Maximum 15 Third Quattle ~ 2.85
Mean  2.758 Sb 2379
Coefficient of Variation ~ 0.863 Skewness 3292
Mean of logged Data 0.813 SD of logged Data 0572
Nonparametric Upper Limits for Background T hreshold Values
Order of Statistic,r 58 95% UTL with 95% Coverage 10
Approximate f 1.526 Actual Confidence Coefficient (CC) achieved by UTL ~ 0.801
Sample Size needed to achieve specified CC 93
95% Percentile Bootstrap UTL with 95% Coverage 105 95% BCA Bootstrap UTL with 95% Coverage  10.5
BZUPL 92 90% Percentile ~ 4.78
90% Chebyshev UPL  9.957 95% Percentile  5.87
95% Chebyshev UPL  13.22 99% Percentile 121

9%%USL 15

Suggestions: It is suggested to clarify/determine the source of the discrepancy (1.80 versus 8.63) in BTV
estimates computed using the 2009 data; and establish the validity of the weights used to compute
weighted BTV estimates. Even though a Se value of 1.80 mg/kg may appear to be lower than site
background, a BTV estimate of 8.63 mg/kg does not appear to be lower than the site background. As
computed earlier and summarized in Tables 5 and 6, a BTV/PRG for Se should be computed based upon
a balanced background data set collected during 2009 and 2014 representing all formations and not
influenced by observations collected from a single background category (e.g., Meade-Peak/Blackfoot
Bridge).

e
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APPENDIX C-8

A/T Additional Comments on Ballard ARARs

Transmitted to P4 on February 17, 2016



From: Tomten, Dave

To: Barry Myers (bmyers@blm.gov); Bruce Narloch; Bruce Olenick; Cary Foulk (cfoulk@integrated-
geosolutions.com); Celeste Christensen; Colleen O"Hara-Epperly; COOPER, RANDALL LEE [AG/1000]; Tomten
Dave; Dennis Smith (dennis.smith2@ch2m.com); Eldine Stevens; Emily Yeager; Gary Billman; Jeff Cundick; Jeff
Schut; Jeremy Moore (jeremy_n_moore@fws.gov); Wallace, Joe; Kelly Wright; Leah Wolf Martin
(leah@wolfmartininc.com); LEATHERMAN, CHRIS R [AG/1850]; Edmond. Lorraine; Michael Rowe; Norka Paden
(Norka.Paden@deq.idaho.gov); PRICKETT, MOLLY [AG/1850]; Randy Vranes; Sandi Fisher; Shannon Leigh
Ansley (sansley@sbtribes.com); Shephard, Burt; Stifelman, Marc; Stumbo, Sherri A -FS; susanh@ida.net; Trina
Burgin; Vance Drain

Subject: Ballard ARARs

Date: Wednesday, February 17, 2016 2:54:57 PM

Molly, all —

As we have discussed during our bi-weekly calls, there have been several iterations of the ARAR
summary table for tech memo #1 for the Ballard project. Your team has been waiting for me to
provide final comments and direction on this matter for some time, so that TM #1 may be finalized.
In particular, we have been evaluating potential ARARs for radiologically contaminated materials
and coordinating with our HQ office and another Region. Below are final comments and direction
on ARARs for radiologically contaminated materials, and some additional clarifying comments on
several other ARARs.

1.

In Table 3-1, the UMTRCA standard at 40 CFR 192.02(a) should be identified as RAR. Thisis a
design standard that specifies that the control of residual radioactive materials shall be
designed to be effective for at least 200 years.

The following regulations and standards that pertain to radiologically contaminated
materials should be deleted and not identified as potentially ARAR or TBC: other standards
at 40 CFR Part 192 (other UMTRCA standards); 10 CFR Part 20 (NRC standards); 10 CFR Part
61 (DOE licensing requirements); and 40 CFR Part 61 (NESHAPs requirements). Rather,
cleanup decisions will be based on site-specific risk-based cleanup levels or background, and
other ARARs such as MCLs and surface water standards, and other factors. Update Table 3-
1 to reflect this direction.

Table 3-1 lists both the SDWA and implementing regulations. Delete the row identifying the
SDWA as potentially ARAR, as this is overly broad. Retain the reference to the regulation,
and cite the specific section(s) of the regulations that provide substantive standards for this
site, and list the contaminants, rather than the entire Part.

Similarly for water quality standards, delete the row in Table 3-1 identifying the CWA as
potentially ARAR (as you proposed), as this is overly broad. Retain the reference to the
regulation, and cite the specific section(s) and contaminants for which FWQC are being
identified as potentially ARAR.

In Table 3-1 delete row identifying national secondary drinking water regulations as TBC.

In Table 3-1, additional specificity is needed for identifying potential RCRA ARARs. Add a row
identifying RCRA Subtitle D standards at 40 CFR 257 as potentially RAR to remedial actions
that involve consolidation of mine wastes in repositories or beneath protective barriers.
These regulations include certain criteria that are required to be met my solid waste
disposal facilities and practices, such as not restricting base flow of the flood plain, not
taking threatened or endangered species, and not causing a discharge to navigable waters.
Also add a row adding RCRA Subtitle D standard at 40 CFR 258 as potentially RAR to
remedial actions that involve the consolidation of mine wastes in repositories or beneath
protective barriers. These regulations provide criteria for cover material, run-on/runoff
control systems, access control, and liquid restrictions. (Model language can be found in
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the ROD Amendment, Upper Basin Coeur d’Alene River, Bunker Hill Superfund Site, Table
13-3, to be forwarded separately.)

7. InTable 3-2 (and again in Table 3-4), the Area Wide Risk Management Plan is identified as
potentially TBC. It should be noted that this document includes recommendations on many
issues, including monitoring, trigger and action levels, and other matters. References to use
of this of document to develop action levels should be deleted (as we have not used this
document to help establish PCLs).

8. InTable 3-3, the Federal Land Policy and Management Act and implementing regulations are
cited as potentially applicable. Please provide greater specificity in the citation/reference.

9. In Table 3-3, please retain the NAGPRA as a potentially RAR.

Please let me know if you would like to discuss any of these comments. It’s my understanding that
resolution of this issue will allow TM #1 to now be finalized.
Dave

Dave Tomten

EPA Region 10

950 W. Bannock Street
Suite 900

Boise, Idaho 83702

208-378-5763
tomten.dave@epa.gov



APPENDIX C-9

P4 Response to A/T Additional Comments (dated February 17, 2016)
on Ballard ARARs

Submitted to A/T on March 9, 2016



Leah Wolf Martin

From:
Sent:
To:
Cc:

Subject:
Attachments:

Hi Dave,

Vance Drain <Vance.K.Drain@mwhglobal.com>

Wednesday, March 09, 2016 8:15 AM

Tomten.Dave@epamail.epa.gov

MOLLY PRICKETT [AG/1850]; Leah Wolf-Martin (leah@wolfmartininc.com); COOPER,
RANDALL LEE [AG/1000]

Revised ARAR Tables 3-1 to 3-4 and RTCs

P4 RTCs on ARARs and revised ARAR Tables (03-08-16).pdf
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P4’s Responses to A/T Ballard ARAR Comments dated February 17, 2016
on the
Feasibility Study Technical Memorandum for P4's Ballard Mine Draft Revision 0, March 2015

Specific Comments

SC#1. In Table 3-1, the UMTRCA standard at 40 CFR 192.02(a) should be identified as RAR.
This is a design standard that specifies that the control of residual radioactive materials shall be
designed to be effective for at least 200 years.

P4 Response (SC#1): Although P4 does not agree that UMTRCA applies to the Ballard
Site, 40 CFR 192.02(a) has been identified as potentially RAR in Table 3-1.

SC#2. The following regulations and standards that pertain to radiologically contaminated
materials should be deleted and not identified as potentially ARAR or TBC: other standards at 40
CFR Part 192 (other UMTRCA standards); 10 CFR Part 20 (NRC standards); 10 CFR Part 61
(DOE licensing requirements); and 40 CFR Part 61 (NESHAPs requirements). Rather, cleanup
decisions will be based on site-specific risk-based cleanup levels or background, and other
ARARs such as MCLs and surface water standards, and other factors. Update Table 3-1 to
reflect this direction.

P4 Response (SC#2): Agreed. The regulations and standards listed above have been
removed from Table 3-1.

SC#3. Table 3-1 lists both the SDWA and implementing regulations. Delete the row identifying
the SDWA as potentially ARAR, as this is overly broad. Retain the reference to the regulation,
and cite the specific section(s) of the regulations that provide substantive standards for this site,
and list the contaminants, rather than the entire Part.

P4 Response (SC#3): Agreed. The SDWA and the specific sections(s) have been
removed from Table 3-1. A reference to COCs/COECs (in Table 3-6) has been included
in the Water Quality Standards row (please refer to edited Table 3-1).

SC#4. Similarly for water quality standards, delete the row in Table 3-1 identifying the CWA as
potentially ARAR (as you proposed), as this is overly broad. Retain the reference to the
regulation, and cite the specific section(s) and contaminants for which FWQC are being
identified as potentially ARAR.

P4 Response (SC#4): Agreed. The CWA has been removed from Table 3-1 and the
specific sections(s) and a reference to COCs/COECs in Table 3-6 have been included.

SC#5. In Table 3-1 delete row identifying national secondary drinking water regulations as TBC.

P4 Response (SC#5): Agreed. The National Secondary Drinking Water Regulation have
been removed as TBC from Table 3-1.
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SC#6. In Table 3-1, additional specificity is needed for identifying potential RCRA ARARS.
Add a row identifying RCRA Subtitle D standards at 40 CFR 257 as potentially RAR to remedial
actions that involve consolidation of mine wastes in repositories or beneath protective barriers.
These regulations include certain criteria that are required to be met my solid waste disposal
facilities and practices, such as not restricting base flow of the flood plain, not taking threatened
or endangered species, and not causing a discharge to navigable waters. Also add a row adding
RCRA Subtitle D standard at 40 CFR 258 as potentially RAR to remedial actions that involve
the consolidation of mine wastes in repositories or beneath protective barriers. These regulations
provide criteria for cover material, run-on/runoff control systems, access control, and liquid
restrictions. (Model language can be found in the ROD Amendment, Upper Basin Coeur d’Alene
River, Bunker Hill Superfund Site, Table 13-3, to be forwarded separately.)

P4 Response (SC#6): A reference to 40 CFR 257 has been included in Table 3-3 (vs
Table 3-1) as these criteria are location/action specific. P4 does not agree that 40 CFR
258, requirements for Municipal Solid Waste Landfills and thus related design
requirements are potentially RAR to the Ballard Site. These requirements have not been
included in the tables.

SC#7. In Table 3-2 (and again in Table 3-4), the Area Wide Risk Management Plan is identified
as potentially TBC. It should be noted that this document includes recommendations on many
issues, including monitoring, trigger and action levels, and other matters. References to use of
this of document to develop action levels should be deleted (as we have not used this document
to help establish PCLSs).

P4 Response (SC#7): The Area-Wide Risk Management has been deleted from Table 3-2
as the action levels in the plan were not used to develop PCLs. It has been left as TBC in
Table 3-4 and the description revised to remove reference to action levels.

SC#8. In Table 3-3, the Federal Land Policy and Management Act and implementing regulations
are cited as potentially applicable. Please provide greater specificity in the citation/reference.

P4 Response (SC#8): Table 3-3 has been revised to change the citation to 43 U.S.C. §8
1732 et seq. and includes a revised description and site-specific comments.

SC#9. In Table 3-3, please retain the NAGPRA as a potentially RAR.

P4 Response (SC#9): P4 does not agree that the NAGPRA is potentially RAR because
P4 is not a federal agency or institution and because the Ballard Site boundaries do not
include federal or tribal lands. P4 proposes to remove this regulation as shown in Table
3-3.



The following table presents a list of requirements tentatively identified by P4 Production, L.L.C. (“P4”) as potential Applicable or Relevant and Appropriate Requirements (“ARARs”) for the Ballard Mine Site pursuant to an
Administrative Settlement Agreement and Order on Consent for Performance of Remedial Investigation and Feasibility Study at the Enoch, Henry, and Ballard Mine Sites in Southeastern Idaho dated September 28, 2009. P4
anticipates that this list of potential ARARs will be used in preparing the Feasibility Study for the Ballard Mine, including for the development of preliminary remediation goals and for use as threshold criteriaagainst which

BALLARD MINE SITE: POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

remedial alternatives will be evaluated. P4 acknowledges that the following list of potential ARARs are not binding and that final ARARs will be developed by EPA and set forth in the Record of Decision for use as
performance standards for the remedial design and remedial action.

Statutes and regulations, and their citations, included in the tables included below are provided as headings to identify general categories of potential ARARs for the convenience of the reader. Listing the statutes and
regulations does not indicate acceptance of the entire statute or regulation as potential ARARs; rather only the substantive provisions of the requirements cited in these tables are potential ARARS.

Table 3-1: Federal Chemical Specific ARARs for the Ballard Site

Statutes, Regulations,
Standards, or Requirements

Citations or References

General Description

Site-Specific Comments

Determination

40 C.F.R. Part 131

1314) requires that individual states establish water quality
standards for surface waters. The implementing regulation
establishes the Ambient Water Quality Criteria, which are
the minimum requirements for state water quality standards
that are protective of aquatic life. Under CERCLA, water
quality criteriafor the protection of aquatic life are
considered relevant and appropriate for actions that involve
surface waters or groundwater discharges to surface waters.
The federal water quality standards are developed for states
to use in development of water quality criteriathat
incorporate designated uses for specific surface water bodies.
The State of Idaho has adopted the federal water quality
criteria. Where numeric state water quality standards have
not been promulgated, federal numeric water quality
standards are considered relevant and appropriate standards.

Federal Ambient Water Quality Criteriahave been
established for short-term exposures (acute criteria) and for
long-term exposures (chronic criteria) for protection of
aquatic biota.

criteria. Where numeric state water quality standards have
not been promulgated, federal numeric water quality
standards are considered applicable._ COCs/COECs and
proposed surface water cleanup lewels are provide in Table
3-6.

Fl: Safe—Danlng—Wa%er—Aetj 42 U.S.C 85 300(f)et-seq- FaHy Jant-o : jate— e Potentially-relevant | .~ { Commented [A1]: Deleted per EPA SC#3
FRE . Bk i i : .
21 | National Primary Drinking 40 C.F.R. Part 141 Establishes health-based standards (maximum contaminant Potentially relevant and appropriate if groundwater beneath | Potentially relevant
Water Regulations levels (MCLs) and maximum contaminant lewvel goals the Site is used to supply public water systems. and appropriatg | .- { commented [A2]: Revised per EPA SC#3
(MCLGS)) for public water systems. COCs/COECs and proposed groundwater cleanup levels are
provide in Table 3-6.
B2 | Water Quality Standards! 33 U.S.C. §1314(a) Section 304 of the federal Clean Water Act (33 U.S.C. § The State of Idaho has adopted the federal water quality Applicabl§ | - { commented [A3]: Revised per EPA SCi#4

1 National Recommended Water Quality Criteria are available at http//www.epa.gov/ost/criteria/wactable/.



Table 3-1: Federal Chemical Specific ARARs for the Ballard Site

Statutes, Regulations,
Standards, or Requirements

Citations or References

General Description

Site-Specific Comments

Determination

43 | [Resource Conservation and 40 C.F.R. §261.4(b)(7) EPA exempts mining wastes from the extraction, Waste rock at the Site may meet this exemption. Applicable
Recovery Acﬁ beneficiation, and some processing of ores and minerals,in | [ Commented [A4]: 40CFR 257 added to Table 3-3in responseto
accordance with the Bevill amendment to RCRA. EPA SC#6
54 40 C.F.R. §261.20 Generators of solid waste must determine whether the waste | Potentially applicable depending on the selected remedy. Applicable
is hazardous. A solid waste is hazardous if it exhibits the
toxicity characteristic (based on extraction procedure Method
1311).
@ Nauenal%eeendaFy—qulqng ki 40—GLR—§—PaFt—143 Are ESt—&bl—lS-hGS—HOH—m&Hd&‘EGFy—SGGOHd&Fy—dHHIGHg—VV&t&F i ki :l:Bq ______________ [ Commented [A5]: Deleted per EPA SC#5
SRR e stanel_al € _(seee_ndalyl II.“IQES) pHA aluly R
(75 | Uranium Mill Tailings 42 U.S.C. 88 7901 et seq. Croundwatcr—and-sollconscntraton-lmisanpheabletethe | FheBallard-MincisRetotronum-miacond-Re-processing | Potentially relevant
Radiation Control Act 40 C.F.R. Part 192.02 (a) uranium-and-thorium-mill tailings sitesidentified under the | of uranium-has-occurred-at the Ballard-MineUranium-at the | and appropriate™g | - { commented [A6]: Revised per EPA SC#1
(UMTRCA)— UMTRCA-statute-Control of residual radioactive materials Ballard-Mine-is-naturalhy-occurring-and-is-present-in-the
Health and Environmental and their listed constituents will be designed to be effective | waste-rock—As-such-uranium—and-is-daughterproducts—are
Protection Standards for for at least 200 years. i i - Potentially relevant and
Uranium and Thorium Mill appropriate remedial design criteria for the naturally
Tailings occurring uranium and daughter products at the Ballard
Mine.
B Estabhshment—ef—@leanup QSWER—NG—Q%@Q—Z%,—AHQHSE Ql&FFf—ylﬂg—th-d&HG@—ﬁGFGSQ&bH%hPHg—pFG%@GHMB—GI@&HHPJ@\BIS May—b&eens;dered—wuemedHLaeHendue—te#Muman :FBq _____________ Commented [A7]: Deleted per EPA SC#2 as cleanup decisions
Levels-for CERCLA Sites-with | 221997 forradicactive_contamination-at-CERCLA sites_Attachment | health-risks-associated-with-ROCs-at-the Ballard-Mine- ’ ill be based on site-specific risk-based cl level
: - : { - : - - - \é\g(:kg(:ounsg on site-specific ris| Sed cleanup levels or
Radioactive-Contamination Aclists-likely-federal- ARARSfor-Superfund-response-actions. | Guidance-documents-can-only-be-TBC:
© | DOE Licensing Reguirements | 10 C.FR. §61.41 Specifies-anndal-dose-of-radioactive—material-that-may-be Applicable—te-parties-responsible-for-disposing-of-LLW mg | { commented [A8]: Deleted per EPA SC#2
Rodisastnclosto
cerEozardens Al Pellutants
{NESHAPs) SubpartH—Applicable-only-tosites-owned/operated by

[ Commented [A9]: Deleted per EPA SC#2




Table 3-2: State Chemical Specific ARARs for the Ballard Site

Statutes, Regulations,
Standards, or Requirements

Citations or References

General Description

Site-Specific Comments

Determination

L Idaho Water Quality Standards | IDAPA 58.01.02 Surface water quality standards and waste water treatment Water quality standards are potentially applicable for Applicabl | - { commented [A10]: Revised per EPA SC#4
requirements, including: water quality criteriafor aquatic life | surface waters on-Site or affected by the selected remedy.
use designations (.250), designations of surface waters found | COCs/COECs and proposed surface water cleanup levels
within Blackfoot Basin (.150), general surface water quality | are provide in Table 3-6.
criteria (.200), antidegredation policy (.051), and mixing
zone policy (.060).
2 Idaho Ground Water Quality IDAPA 58.01.11.200 Protects groundwater for beneficial uses including potable Applicable to groundwater at the Site. COCs/COECs and Applicablg | - { commented [A11]: Revised per EPA SC#3
Rule water supplies, establishes use classifications, and establishes | proposed groundwater cleanup levels are provide in Table
water quality criteriafor ground water. 3-6.
3 Idaho Rules for Public IDAPA 58.01.08 Regulates quality and safety of public drinking water. Potentially applicable if any of the Site water is a public Potentially
Drinking Water Systems drinking water source; otherwise, substantive requirements | applicable and/or
would likely be relevant and appropriate. relevant and
appropriate
4 Rules and Standards for IDAPA 58.01.05 Rules and standards for hazardous waste. Identifies Potentially relevant and appropriate if hazardous waste is Potentially relevant
Hazardous Waste characteristic and listed hazardous wastes and provides rules | identified or generated during implementation of the and appropriate
for hazardous waste permits. selected remedy.
5 Rules for the Control of Air IDAPA 58.01.01 Rules providing for the control of air pollution in Idaho. Potentially applicable depending on the selected remedy. Potentially
Pollution (including IDAPA 58.01.01.650 applicable
and .651)
b | IDEQ-Area\Wide Risk 1DEQ-(2004a) Recommends—removal-action-goals-and-action-levels for May-be-taken-into-consideration-in-developingrisk-based Bg | { commented [A12]: Deleted per EPA SCH#7




Table 3-3: Federal Location and Action Specific ARARs for the Ballard Site

Statutes, Regulations, Citations or References General Description Site-Specific Comments Determination Location or
Standards, or Action
Requirements Specific
L Mineral Leasing Act 30 U.S.C. 88 181 et seq. Regulates leasing, mining, processing and Provisions regarding reclamation and mineral Applicable Action,
43 C.F.R. Parts 35003580 reclamation of federally-owned phosphate deposits. development are potentially applicable; other Locatio | .- { commented [A13]: Revised from draft
and 3590 i i provisions may be relevant and appropriate.
%WS‘%WB‘W j At T
2 Federal Land Policyand 43 U.S.C. 88 170132 et seq. | Prewvents unnecessary or undue degradation of public | Provisions regarding_multiple use and unnecessary Applicable Action,
Management Act Ao A0 eienn, lands by operations authorized by the mining laws. or undue degradation-mineral-development are Location | .- { commented [A15]: Provided citation/reference per EPASC#8
Establishes public land policy and guidelines for the | petentiayapplicable to the extraction of minerals;
administration of public lands; provides for the other provisions may be relevant and appropriate.
management, pretectionuse, occupancy, and
development,—and—enhaneement ]Of public lands. | { Commented [A14]: Edits comport with FLPMA per EPA SC#8
3 U.S. Bureau of Land Available online at To sustain the health, diversity, and productivity of Should be considered due to BLM’s ownership of TBC Action,
Management Record of https://eplanning.blm. the public lands. The plan provides objectives, land | the mineral rights. Location
Decision and Pocatello gov/epl-front-office/ use allocations, and management direction to
Resource Management Plan | projects/nepa/32803/ maintain, improve or restore resource conditions and
(April 2012), as amended 38812/40712/RODandSIR provide for the economic needs of local communities
Sept. 21, 2015 _508.pdf over the long term. The plan applies to BLM-
managed public lands and split estate lands where
minerals are federally owned in southeast Idaho.
4 Mine and Reclamation Operation plans that are approved subsequent to Should be considered during remedial action, TBC Action,
Plans issuing the lease at a time after mining is proposed. especially if the remedy involves ore recowery. Location
Establish mine plans and reclamation requirements.
65 Fish and Wildlife 16 U.S.C. § 661 et seq. Requires that federal agencies involved in actions Potentially applicable if remedial actions affect Applicable Location
Coordination Act that will result in control or modification of any natural streams and water bodies; the selected
natural stream or water body must protect fish and remedy must be designed and implemented to be
wildlife resources that may be affected by the actions. | protective of fish and wildlife.
6 Endangered Species Act 16 U.S.C. 88 1531 et seq. Federal Agencies are prohibited from jeopardizing May be applicable if on-Site activities may Applicable Location
50 C.F.R. Part 402 threatened and endangered species or adversely jeopardize threatened or endangered species or (habitat),
modifying habitats essential to their survival. adversely modify their habitat. Action
Requires consultation with the Service charged with (species)
protection of the listed species.
7 Migratory Bird Treaty Act | 16 U.S.C. 88 703 et seq. Prohibits persons from pursuing, hunting, taking, Remedial action at the Site must be designed and Applicable Action

(MBTA)

capturing, killing, attempting to take, capture or kill,
possessing, offering for sale, selling, offering to
purchase, purchasing, delivering for shipment,
shipping, causing to be shipped, delivering for
transportation, transporting, causing to be
transported, carrying, or causing to be carried by any
means whatever, receiving for shipment,
transportation or carriage, or exporting migratory

implemented to avoid harm to migratory birds.




Table 3-3: Federal Location and Action Specific ARARs for the Ballard Site

Statutes, Regulations, Citations or References General Description Site-Specific Comments Determination Location or
Standards, or Action
Requirements Specific
birds covered by the MBTA or any part, nest, or egg
of any such bird.
8 Bald and Golden Eagle 16 U.S.C. §8 668 et seq. Prohibits any person from knowingly, or with wanton | Remedial action at the Site must be designed and Applicable Location,
Protection Act 50 C.F.R. Part 22 disregard, selling, offering to sell, taking, implemented to avoid harm to bald or golden eagles, Action | .- { commented [A16]: Revised from draft
purchasing, transferring, bartering, exporting, their nests, or eggs.
importing, or possessing or harming a bald or golden
eagle, or any part, nest, or egg thereof without
obtaining a permit.
9 Clean Water Act 40 C.F.R. §125.3 Requirements for best treatment and control May be relevant and appropriate if water treatment | Potentially relevant and | Action
technology prior to discharge. is used as part of the selected remedy. appropriate
10 33 U.S.C. §1342 The NPDES (also known as Section 402 of the May be relevant and appropriate if the selected Potentially relevant and | Action
40 C.F.R. Parts 122-125 CWA) program establishes a comprehensive remedy involves discharges from a water treatment | appropriate
framework for addressing waste water and storm plant.
water discharges under the program. Requires that
point-source discharges not cause the exceedance of
surface water quality standards outside the mixing
zone. Specifies requirements under 40 C.F.R. 8§
122.26 for point-source discharge of storm water
from construction sites to surface water and provides
for Best Management Practices such as erosion
control for removal and management of sediment to
prevent run-on and runoff.
11 33 U.S.C. §1344 Requirements for dredging and filling activities May be relevant and appropriate if the selected Potentially relevant and | Location,
conducted in waters of the U.S., including wetlands remedy involves dredging or filling in waters of the | appropriate Action
(also known as Section 404 of the CWA). uU.S.
12 Clean Air Act 42 U.S.C. 88 7409 et seq. Requirements for maintaining air quality. Potentially applicable depending on the selected Potentially applicable Action
40 C.F.R. Part50 remedy.
13 National Historic A requirement for a property listed on or eligible for | May be applicable if historic or archeological sites | Potentially applicable Location | .-

Preservation Act (NHPA)

54 USC 306108
36 C.F.R. Parts 60, 63 and
800

listing on the National Register of Historic Places.
The NHPA requires federally funded projects to
identify and mitigate impacts of project activities on
properties listed on or eligible for listing on the
National Register.

This statute and implementing regulations require
federal agencies to take into account the effect of this
response action upon any district, site, building,
structure, or object that is listed on or eligible for
listing on the National Register of Historic Places
(generally, 50 years old or older).

are found within Site boundaries or on land to be
disturbed in connection with the selected remedy
(e.g., borrow areas).

Commented [A17]: This statute was repealed in 12/2014 and re-
codified. Missed in the draft.




Table 3-3: Federal Location and Action Specific ARARs for the Ballard Site

Statutes, Regulations,
Standards, or
Requirements

Citations or References

General Description

Site-Specific Comments

Determination

Location or
Action
Specific

If cultural resources listed on or eligible for listing on
the National Register are present, it will be necessary
to determine if there will be an adwerse effectand, if
so, how the effect may be minimized or mitigated, in
consultation with the appropriate State Historic
Preservation Office.

14

Archeological and Historic
Preservation Act

The Archaeological and Historic Preservation Act

May be applicable if archeological resources are

Potentially applicable

Location

52 USC 312501 et seq.

requires that for federally approved projects that may
cause irreparable loss to significant scientific,
prehistoric, historic, or archaeological data, the data
must be preserved by the agency undertaking the
project or the agency undertaking the project may
request DOI to do so.

This statute and implementing regulations establish
requirements for the evaluation and preservation of
historical and archaeological data, which may be
destroyed through alteration of terrain as a result of a
federal construction project or a federally licensed
activity or program.

identified.

e [ Commented [A18]: Omitted from USC in 2014; recodified.

Missed in the draft.

redoral . et .

ands-

We deleted this requirement because P4 is not a
federal agency or institution and because the Site
boundaries do not include federal or tribal lands.
However, this act will be reconsidered at the other
P4 CERCLA Siteswhere federal land was leased.

15

RCRA—
Requirements for
Hazardous Waste Transport

42 U.S.C. 88 6901 et seq.
40 C.F.R. Parts 261-262

Requirements for handling and transporting
hazardous waste.

Potentially relevant and appropriate depending on
selected remedy.

Potentially relevant and
appropriate

Action

RCRA — Requirements for

40 C.F.R. Part 257

Classification of Solid
Waste Disposal Facilities

Requirements for solid waste disposal facilities and

Potentially relevant and appropriate depending on

Potentially relevant and

practices, such as restrictions to the base flow of a

selected remedy.

flood plain, not taking threatened and endangered
species, and not causing a discharge to navigable
waters.

appropriate

1617

Considering Wetlands at
CERCLA Sites

OSWER 9280.03, May 1994

EPA guidance regarding the potential impacts of
response actions on wetlands at Superfund sites.

May be helpful if Site remediation contains
wetlands.

TBC

Action

------------ Commented [A19]: We disagree with EPA SC#9 and do not
believe thisregulation is potentially RAR for the Ballard Site.

------------ Commented [A20]: Added per EPA SC#6. 40 CRF 258 is not
[ included, refertoP4’sresponseto SC#6




Table 3-4: State Location and Action Specific ARARs for the Ballard Site

Statutes, Regulations, Citations or References General Description Site-Specific Comments Determination Location or
Standards, or Action
Requirements Specific
Protectionof Birds Idaho Code Ann. § 36-1102 Prohibits the “take” or intentional disturbance or | Potentially applicable during remedial action. Potentially applicable Action
destruction of eggs or nests of any “game, song,
rodent killing, insectivorous or other innocent
bird.” The prohibition does not apply to English
Sparrows or starlings.
Non-point Source IDAPA 58.01.02.350 Regulates non-point source discharges, May be applicable if the selected remedy results | Potentially applicable Action
Discharges designates approved BMPs and provides in non-point source discharges.
additional protection for outstanding resource
waters.
Point Source Discharges IDAPA 58.01.02.400-.401 Provides limits and restrictions including May be applicable if the selected remedy results | Potentially applicable Action
possible limits on temperature and flow rates for | in point source discharges.
point source discharges.
Storage of Hazardous and | IDAPA 58.01.02.800 Prohibits the storage, disposal or accumulation May be relevant and appropriate if the remedial Potentially relevant and | Action
Deleterious Materials of hazardous and deleterious materials “adjacent | action results in the storage of hazardous and appropriate
to or in the immediate vicinity of state waters” deleterious materials near state waters.
without adequate measures and controls to insure
the materials will not enter state waters.
Well Construction IDAPA 37.03.09 Regulates well construction and abandonment. May be applicable if the selected remedy Potentially applicable Action
Standard Rules includes additional wells.
Best Management IDAPA 20.03.02.140 Provides BMP and reclamation standards for May be applicable depending on the selected Potentially applicable Action
Practicesand Reclamation surface mining operations, including sand and remedy. BMPs may also be relevant and and/or relevant and
for Surface Mining gravel mining. appropriate to remediation activities (i.e. grading, | appropriate
Operations re-contouring, and revegetation).
Idaho Water Quality IDAPA 58.01.02 Requirements for actions involving effluent May be applicable if water treatment is part of Potentially applicable Action
Standards and Wastewater discharges to surface water. the selected remedy.
Treatment Requirements
Solid Waste Management | IDAPA 58.01.06 Provides substantive requirements for operation | Only material uniquely associated with Potentially relevant and | Action
Rules and closure of solid waste management facilities. | phosphate mining is being addressed in the appropriate
remediation so these requirements are not
applicable because the Site is not a solid waste
management facility. See IDAPA
58.01.06.001.03(b)(iv). Some requirements may
be relevant and appropriate with regard to
regulated solid waste generated during the
remedial action.
Hazardous Waste and IDAPA 58.01.05 Adopts federal RCRA regulations concerning Potentially applicable for management of Potentially applicable Action

Hazardous Waste
Management Act of 1983

1993 Session Law, Ch. 291, Sections 1-8

the identification of hazardous waste and
standards applicable to generators and
transporters of hazardous waste as well as

investigation derived wastes and remediation
wastes.




Table 3-4: State Location and Action Specific ARARs for the Ballard Site

Statutes, Regulations, Citations or References General Description Site-Specific Comments Determination Location or
Standards, or Action
Requirements Specific
standards for owners and operators of hazardous
waste treatment, storage and disposal facilities.
10 | Fences in General (LEAs) | Idaho Code §8 35-101to -112 Establishes construction requirements, such as May be applicable if fencing is required to Potentially applicable Action
height and distance between posts, for all types protect components of the selected remedy (e.g.,
of fences. Defines who is responsible for a cover system).
construction and maintenance of enclosure and
partition fences.
11 | Idaho Rules for Control of | IDAPA 58.01.01.650-651 Provides practices for controlling fugitive dust May be applicable during remedial action if Potentially applicable Action
Fugitive Dust emissions, including use of water or chemicals, | construction practices generate fugitive dust.
application of dust suppressant, and cowering
trucks.
12 | Idaho Toxic Air Pollutants | IDAPA 58.01.01.585-586 Requirements for maintaining air quality (none Potentially applicable depending on the selected | Potentially applicable Action
currently nor will they be likely associated with | remedy.
any remedial action).
13 | Preservation of Historical | Idaho Code 8§ 67-4111t0 -4131 and 67- Requirements for protection of public lands and | Requirements may be applicable if historical or Potentially applicable Location
Sites 4601 to -4619 preservation of historical or archaeological sites | archeological sitesare present and/or may be
in consideration of waste disposal. disturbed during the remedial action.
14 | Stream Channel Alteration | IDAPA 37.03.07.055 Provides substantive construction standards for | Potentially applicable depending on selected Potentially applicable Action
Rules working in stream channels. remedy; howewer, procedural requirements are
not ARAR.
15 | Idaho Classificationand IDAPA 13.01.06.300 Classifies fish and wildlife species; identifies To be considered during ecological risk TBC Location
Protectionof Wildlife threatened or endangered species; and specifies | assessment.
Rule wildlife species that are protected from taking
and possessing.
16 | Idaho Uniform Idaho Code §855-3001 to -3015 Allows recordation of an environmental Applicable Action
Environmental Cowvenants cowvenant, which is a written agreement where
Act the parties bind themselwes, and their successors
in interest to the land, to comply with activity
and use limitations.
17 | IDEQ Area Wide Risk IDEQ (20044a) Recommends removal action goals and-actien May be taken into consideration in developing TBC Action | .- { commented [A21]: Revised per EPA SC#7.
Management Plan levelsfor addressing releases and impacts from | risk-based-cleanup-levelsremoval action goals.
historical phosphate mining operations in
southeast Idaho.
18 | Variances from water IDAPA 58.01.02.260 Establishes procedures and requirements for Potentially applicable if Site-specific variances Potentially applicable Action
quality standards obtaining a water quality variance. are proposed for a particular location or source.
19 | Idaho Risk Evaluation IDEQ (2004b) Provides guidelines and criteriato apply inrisk- | Framework for decision making should be TBC Action

Manual

Available online at
https://www.deq.idaho.gov/media/967298-
risk_evaluation_manual_2004.pdf

based decision making.

considered in developing human and
environmental risk-based cleanup lewels
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Leah Wolf Martin

From: Tomten, Dave <Tomten.Dave@epa.gov>

Sent: Tuesday, March 22, 2016 1:22 PM

To: Vance Drain; Vidargas, Nick

Cc: MOLLY PRICKETT [AG/1850]; Leah Wolf-Martin (leah@wolfmartininc.com); COOPER,

RANDALL LEE [AG/1000]; Barry Myers (bmyers@blm.gov); Bruce Olenick; Colleen
O'Hara-Epperly; Dennis Smith (dennis.smith2@ch2m.com); Edmond, Lorraine; Eldine
Stevens; Gary Billman; Jeff Cundick; Jeff Schut; Jeremy Moore
(jeremy_n_moore@fws.gov); Kelly Wright; Michael Rowe; Norka Paden
(Norka.Paden@deq.idaho.gov); Sandi Fisher; Shannon Leigh Ansley
(sansley@sbtribes.com); Shephard, Burt; Stifelman, Marc; Stumbo, Sherri A -FS;
susanh@ida.net; Tomten, Dave; Trina Burgin; Wallace, Joe

Subject: RE: Revised ARAR Tables 3-1 to 3-4 and RTCs

Molly, all =

We reviewed the recent responses to comments on outstanding ARARs issues for the Ballard site. We agree with all
responses, except for portions of the response to specific comment #9, which pertains to the Native American Graves
Protection and Repatriation Act (NAGPRA). While we agree that this act is not applicable at Ballard due to land
ownership considerations, it is potentially relevant and appropriate as those terms are defined, and thus should be
identified as potentially relevant and appropriate in the FS. Although the likelihood of encountering artifacts or
gravesites at the previously disturbed Ballard mine site may be low, NAGPRA, combined with the Archeological and
Historical Preservation Act will serve to protect tribal interests during implementation of remedial actions at

Ballard. Resolution of these remaining ARARs issues should allow for completion and approval of technical memo #1
(the first half of the FS). We would be pleased to further discuss this matter (or identification of other potential ARARs)
prior to preparation of the ROD, where the final selection of ARARs will be presented.

Please let me know if you have any remaining questions or concerns.
Dave

From: Vance Drain [mailto:Vance.K.Drain@mwhglobal.com]

Sent: Wednesday, March 09, 2016 8:15 AM

To: Tomten, Dave <Tomten.Dave@epa.gov>

Cc: MOLLY PRICKETT [AG/1850] <molly.prickett@monsanto.com>; Leah Wolf-Martin (leah@wolfmartininc.com)
<leah@wolfmartininc.com>; COOPER, RANDALL LEE [AG/1000] <randall.lee.cooper@monsanto.com>

Subject: Revised ARAR Tables 3-1 to 3-4 and RTCs

Hi Dave,

Attached are P4’s responses to A/T comments (dated February 17, 2016) on the revised ARAR table that we originally
sent to you on 7/30/15.

Please distribute this document to the other A/Ts, and let us know if you have any questions with regard to our
responses or the revised ARAR tables (second revision).

Best Regards,

Vance

MWH GLOBAL
2890 E. Cottonwood Parkway, Suite 300
Salt Lake City, UT 84121

(801) 617 3250 (work), (801) 831 4059 (cell)
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AIT Conditional Approval of Ballard Mine Feasibility Study Report,
Memorandum 1, Site Background and Screening of Technologies,
Draft Final Revision 1, March 2016

Transmitted to P4 on April 14, 2016
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UNITED STATES ENVIRONMENTAL PROTECTION

g - 2 AGENCY

3 & REGION 10

z%o \§' IDAHO OPERATIONS OFFICE
Y14, PROTES 950 West Bannock, Suite 900

Boise, Idaho 83702

April 14, 2016

Molly R. Prickett
Environmental Engineer
Monsanto Company

Soda Springs Operations
1853 Highway 34

Soda Springs, Idaho 83276

Re: Conditional Approval of Ballard Mine Feasibility Study Report, Memorandum 1, Site
Background and Screening of Technologies, Draft Final Revision 1, March 2016

Dear Ms. Prickett,

The Agencies and Tribes (A/T) have reviewed the above referenced deliverable, submitted
pursuant to the Administrative Settlement Agreement and Order on Consent/Consent Order for
Performance of Remedial Investigation and Feasibility Study at the Enoch, Henry, and Ballard
Mine Sites in Southeastern ldaho (or 2009 AOC). We have reviewed this document to ensure
that the revised document responds to and incorporates changes agreed to during the response to
comment process. In conducting our final review, we have identified the following issues to be
addressed in the final.

e Section 1.3.1, page 1-4 of RL-SO version. The narrative states that the contamination of
the Ballard Shop Area will be addressed in the future when the facility is no longer in
use, and is therefore not addressed in the FS. Delete the phrase ... and it is not
addressed in this FS.” We agree that remediation of the shop area may be deferred while
that area is being used in the future. Discussion of the shop area should, however, be
carried into FS tech memo #2. The FS TM#2 should briefly describe actions necessary,
including ICs, to maintain protectiveness for the existing industrial use. TM #2 should
also describe approaches for final remediation, including ICs, for this area to meet
PRAOs. This will ensure that future cleanup work at this small portion of the Ballard site
is tracked along with the other elements of the project.

e Section 2.1, 2" paragraph, 3" sentence: Revise sentence to read “and is enriched with
COCs/ROCs/COECs which includes metals, metalloids, naturally occurring uranium, and
uranium-daughter products (e.g., radium-226 and radon-222).

e Section 3.5, page 3-5 of RL-SO version. According to Table 3-7, background antimony
concentration for upland soil is 3.6 mg/kg not 0.745 mg/kg as stated here.

ﬁ Printed on Recycled Paper



e Section 4.3.2, page 4-13 of RL-SO version, paragraph 1 (partial), line 9. Change
“created” to “create.”

As these are minor issues, | am providing conditional approval the deliverable. Please proceed
with issuing a final version and distribute to the agencies and tribes. Please contact me if you
have questions. | can be reached at 208-378-5763 or electronically at tomten.dave@epa.gov.

Sincerely,
I1sl/

Dave Tomten
Remedial Project Manager

cc: Mike Rowe, IDEQ - Pocatello
Jeremy Moore, US FWS — Chubbuck
Kelly Wright, Shoshone Bannock Tribes
Shannon Ansley, Shoshone Bannock Tribes (electronic version only)
Sandi Fisher, US FWS — Chubbuck (electronic version only)
Sherri Stumbo, Forest Service — Pocatello (electronic version only)
Colleen O’Hara-Epperly, BLM — Pocatello (electronic version only)
Barry Myers, BLM — Pocatello (electronic version only)
Vance Drain, MWH (electronic version only)
Cary Faulk, Integrated-Geosolutions (electronic version only)
Dennis Smith, CH2MHill (electronic version only)
Gary Billman, IDL — Pocatello (electronic version only)


mailto:tomten.dave@epa.gov
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P4 Response to A/T Conditional Approval letter (dated April 14, 2016)
on Ballard FS Memo #1 Draft Final Revision 1

Submitted to A/T on May 2, 2016



P4’s Responses to A/T Conditional Approval Letter dated April 14, 2016
on the
Feasibility Study Technical Memorandum for P4's Ballard Mine Draft Final Revision 1, March 2016

Specific Comments

SC#1. Section 1.3.1, page 1-4 of RL-SO version. The narrative states that the contamination of
the Ballard Shop Area will be addressed in the future when the facility is no longer in use, and is
therefore not addressed in the FS. Delete the phrase “... and it is not addressed in this FS.” We
agree that remediation of the shop area may be deferred while that area is being used in the
future. Discussion of the shop area should, however, be carried into FS tech memo #2. The FS
TM#2 should briefly describe actions necessary, including ICs, to maintain protectiveness for the
existing industrial use. TM #2 should also describe approaches for final remediation, including
ICs, for this area to meet PRAOs. This will ensure that future cleanup work at this small portion
of the Ballard site is tracked along with the other elements of the project.

e P4 Response (SC#1): P4 proposes that a separate closure plan be developed for the
Ballard Shop Area that includes: 1) the Ballard Shop background, i.e., the nature and
extent of contamination and technologies suitable for remediation of the Shop
constituents, 2) plans for control of risks to industrial workers during future industrial
use of the area prior to final closure, 3) plans for control of any ongoing contamination
from source area(s) identified at the Shop and 4) plans for final closure of the Ballard
Shop when the Shop is no longer used.

Reference to this closure plan will be included in FS Memos #1 and #2 and the closure
plan will be transmitted prior to the finalization of FS Memo #2 so that the Ballard Shop
can be included in the ROD for the overall Site.

SC#2. Section 2.1, 2nd paragraph, 3rd sentence: Revise sentence to read “and is enriched with
COCs/ROCs/COECs which includes metals, metalloids, naturally occurring uranium, and
uranium daughter products (e.g., radium-226 and radon-222).

P4 Response (SC#2): Agreed. This revision has been incorporated into the final
document.

SC#3. Section 3.5, page 3-5 of RL-SO version. According to Table 3-7, background antimony
concentration for upland soil is 3.6 mg/kg not 0.745 mg/kg as stated here.

P4 Response (SC#3): The value of 3.6 mg/kg in Table 3-7 is the correct current
background value for antimony in upland soil based on the 2014 background
investigation. The text in Section 3.5 has been revised to include the current background
value.

SC#4. Section 4.3.2, page 4-13 of RL-SO version, paragraph 1 (partial), line 9. Change “created”
to “create.”



P4’s Response to A/T Conditional Approval of FS Tech Memo #1 for Ballard Mine — Draft Final Revl
May 2, 2016
Page 2 of 2

P4 Response (SC#4): Agreed. This revision has been incorporated into the final
document.
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